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Ultrastructure des sensilles cylindriques,
mecanorecepteurs d'un Crustace Mysidace souterrain

Yves Crouau*

RESUME
L'ultrastructure
d'un sensi/le mecanorecepteur de type scolopidial d'un Mysidace
cavernicole a ete etablie; elle est comparee a celie des autres mecanorecepteurs des
antennes de cette espece; on y retrouve notamment certains traits ultrastructuraux
caracteristiques des ci/s de type 9 + 0 qui nous ont deja perm is d'expliquer une partie du
mode de fonctionnement des sensilles mecanorecepteurs preccdemment etudies. Les
sensilles cylindriques, bien qu'etant des mecanorecepteurs stricts presentent un pore a
I'extremite de leur capteur externe.
SUMMARY
The ultrastructural
features of a new chordotonal sensillum in a cavernicolous
Mysidacea is described. That sensillum and the other mechanoreceptor sensilla of the
same Mysidacea are compared. 9 + 0 cilia show ultrastructural features which previously
allowed us to establish a hypothesis with respect to the mode of functionning of
chordotonal sensilla. That sensillum shows a pore at the tip of its external receptor.

Les premIeres etudes sur I'ultrasfructure
des organes sensoriels
exterocepteurs
des Crust aces ont ete realisees par Laverack et Ardill
(1965); depuis, de nombreux autres sensilles ont fait I'objet d'etudes en
microscopie electronique a transmission notamment en ce qui concerne les mecanorecepteurs
(Schone et Steinbrecht,
1968 - Gng, 1969 Moulins et Clarac, 1972 - Risler, 1973, 1976, 1977, 1978 - Strickler et
Bal, 1973 - Mead et a!., 1976 - Ball et Cowan 1977 - Guse, 1978, 1979
etc ...). En revanche, aucune etude n'avait ete realisee sur les mecanorecepteurs des Crustaces cavernicoles. Nous avons donc entrepris I'etude
ultrastructurale
des soies antennaires du Mysidace cavernicole Antromysis juberthiei. 18 types de soies differents ont ete recenses. L'ultrastructure de 10 d'entre eux ont fait I'objet de publications (JuberthieJupeau et Crouau 1977 - Crouau, 1978 a et b, 1979, 1980 a, 198 I). Parmi

* Laboratoire souterrain du C.N.R.S., Moulis 09200 Saint-Girons, France.
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ces sensilles un seul est a fonction mecanoreceptrice
stricte (phanere
spinule), trois sont probablement
des chemorecepteurs
(aesthetascs,
soie simple A2, petite soie), les autres (soies simples AI, et A3, soies a
spinule Bl et B2, soies bifides, soies falciformes) ayant une fonction
mixte.
Nous decrivons
ici l'ultrastructure
d'un lleme
type de soie
d'Antromysis
juberthiei, les sensilles cylindriques
qui presentent
la
particularite
d'associer un pore a I'extremite du capteur externe avec
une structure typique des mecanorecepteurs
stricts.

MATERIEL ET METHODES.

Antromysis juberthiei est un Mysidace vivant dans une grotte de
l'Ile des Pins a Cuba. Les animaux utilises dans cette etude proviennent
d'elevages realises au laboratoire.
- Microscopie electronique a transmission.
Les methodes de fixation sont les memes que celles deja utilisees dans nos precedentes
etudes (Crouau 1978 a).
- Microscopie electronique
a balayage. Ie animaux son fixes au
glutaraldehyde
a 2,5%, deshydrates dans des bains successifs d'alcool
puis d'acetate d'amyle et seches par la methode du point critique. Les
observations
ont ete realisees avec les microscopes electroniques
a
balayage Cambridge et Jeol J SMT 200.
.
RESULTATS

Localisation: les sensilles cylindriques sont portes a raison de 8 a 10
par antennule
en une region tres localisee du basis du sympodite; ils
sont implantes
dans la region superieure d'une apophyse se trouvant
elle-meme
sur la face dorsale du basis a la hauteur
des points
d'implantation
des follets antennaires.
Morphologie exteme: ils apparaissent sous la forme de cvlindres de
5 JLm de haut et .1 JLm de diametre. Ces faibles dimensions rendent
leur reperage ditficile. lis presentent en microscopie photonique une
extremite
mousse tortement coloree par Ie violet crlstal; les observations en microscopie eIectronique a balayage semblent indiquer que
cette extremite est pourvue d'un pore.
-+

a

Ultrastructure: les sensilles cylindriques sont formes par un axe
sensoriel dispose parallelement
a la cuticule du basis et constitue de 2
ou 3 cellules sensorielles bipolaires; celles-ci sont entourees de cellules
enveloppes; leurs prolongements
dendritiques penetrent dans la partie
externe du sensille.
1°) Cellules sensorielles.
Le corps cellulaire
bipolaire
mesure
environ 6 a 7 JLm de diametre; il est separe des axones et dendrites des
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autres cellules sensorielles par des prolongements
cytoplasmiques
de
cellules gliales. Le segment interne des dendrites presente des renflements successifs et renferme des mitochondries
et une longue racine
ciliaire a striations
periodiques
(Fig. 5). A son extremite apicale, la
racine ciliaire presente un aplatissement
se terminant par une an~te;
cette arete apicale n'est pas en contact direct avec la base du
cinetosome
mais reliee a elle par des microfilaments.
Les segments
internes
sont accoles et presentent
des desmosomes
~t jonctions
septees. Le segment externe est forme par un cil presentant 2 regions
differentes:
a) region de type ciliaire: Dans la region basale, Ie cil presente une
structure de type 9 + 0 (Fig. 4); il renferme 9 doublets de microtubules
disposes selon une symetrie rayonnee; chaque doublet est constitue
d'un tubule A plein portant 2 bras et d'un tubule B creux. Sur des
coupes' transversales
du cil, de petites protuberances
apparaissent
sur
la face interne de la membrane
ciliaire (Fig. 4, inset). Elles sont
appariees, en nombre relativement fixe (26 ou 27 paires) et separees par
des espacements
caracteristiques;
sur des coupes tangentielles au cil,
ces protuberances
apparaissent
com me des lignes parallEdes et appariees dont I'inclinaison par rapport a I'axe du cil peut varier entre 3° et
40°. Les doublets
presentent
des pontages avec les protuberances
associees a la membrane; les bras externe du tubule A des doublets est
relie a 2 protuberances
successives (appartenant
a la meme paire ou a 2
paires voisines). La conformation de ces pontages et la position relative
des doublets et des protuberances
est variable. Des caracteristiques
ultrastructurales
sembables ont deja ete observees dans les cils 9+ 0
des autres soies mecanoreceptrices
de cette espece. Elles nous ont
amenes a etablir une hypothese quant au mode de fonctionnement
de
ces cils (Crouau 1980 b).
b) region de tvpe paraciliaire:
Ie cil perd sa symetrie ra~'onnee et
les bras des doublets de microtubules
disparaissent;
les doublets se
dissocient.
Les cils presentent un renflement en forme de fuseau. puis
penetrent
dans un tube de matiere extracellulaire
dans lequel ils sont
tres etroitement
enchasses (Fig. 2); ace ni\'cau des pantages permanents
relient les microtubules
entre eux et a la membrane du cil. Le tube de
matiere extracellulaire
s'integre ala cuticule a la base du phanere.
2°) cellules enveloppes. Des cellules enveloppes emballent cet axe
sensoriel
depuis la region distale du segment externe jusqu'a
la
cuticule. La cellule la plus interne est la cellule scolopale caracterisee
par un scolope en forme de croissant (Fig. 4). Elle menage autour du cil
un espace extracellulaire
piriforme. Autour de la cellule scolopale se
trouvent d'autres couches de cellules enveloppes disposees en forme de
gouttiere.
Ces cellules enveloppcs sont reliees entre elles par des
jonctions septees. Les regions proximales de la cellule scolopale et du
segment dendritique
interne sont reliees a la cuticule par les microtubuies des cellules d'attache.
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Figs. 1-5 - I. La cuticule du basis s'amincit tres fortement dans la zone d'implantation des sensilles
cylindriques; cette region pourrait en fait constituer la partie deformable du sensille ce qui
expliquerait I'existence d'un large espace extracellulaire a son niveau. x 3900. 2. Partie exteme du
sensille. Dans la partie inferieure de la photographie, les cils sont etroitement enchasses dans une gaine
de matiere extracellulaire. Ils penetrent dans la partie exteme du sensille. L'extremite distale des
cellules enveloppes est recouverte d'une substance tres opaque aux electrons. Une structure lamellaire
les relie au pore terminal. La densification de la cuticule dans la moitie proxima Ie de la hampe
correspond a la structure d'ancrage de la gaine emballant les cils. x 26000. 3. Extremite distale de la
partie externe du sensille en coupe longitudinale montrant la secretion opaque aux electrons qui
apparait parfois a ce niveau. x 20000. 4. Coupe transversale au niveau de la region de type ciliaire du
segment externe des dendrites. La cellule enveloppe presente une structure opaque aux electrons, Ie
scolope, et deiimite autour des cils un espace extracellulaire. x 32400. L'encart montre que les cils
contiennent 9 doublets de microtubuies, dont un seul est opaque aux electrons et porte deux bras
formant des pont ages labile avec Ie doublet voisin et avec les protuberances situees sur la face
cytoplasmique de la membrane ciliaire. x 68000. 5. Chaque segment interne des dendrites contient une
racine ciliaire tres developpee. x 25000.
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3°) Partie externe du sensille: elle est constituee par un cylindre
limite par une cuticule peu epaisse (Fig. 2). Le tube de matiere
extracellulaire
ne penetre pas dans la partie ext erne du sensille mais
vient s'integrer
a la cuticule juste a sa base; par contre, les cils se
prolongent dans la partie externe et leur diametre augmente; I'extremite d'une cellule enveloppe est coiffee d'une substance tres opaque aux
electrons; un conduit lamellaire relie l'extremite d'une cellule enveloppe au pore apical. Ce conduit semble gui.der cette substance vers Ie pore
apical du sensille qu'elle obstrue parfois (Fig. 3). Un des traits les plus
remarquables
est l'amincissement
tres important de la cuticule sur
laquelle sont implantes les sensilles cylindriques (Fig. 1); ceci semble
indiquer que Ie stimulus mecanique efficace agirait plus par deformation de cette plage cuticulaire
mince que du sensille cvlindrique
lui-meme. L'existence d'un espace extracellulaire
developpe sous cette
cuticule mince (Fig. I) indique egalement une deformation probable de
cette region.

DISCUSSION
La partie interne des sensilles cylindriques
presente toute les
caracteristiques
ultrastructurales
des mecanorecepteurs
de type chordotonal; ces traits caracteristiques
sont:
.
- un scolope, structure de soutien formee de microtubules disposes
parallelement
a 1'axe sensoriel et emballes par une substance apparaissant tres dense aux electrons,
- une racine ciliaire tres developpee,
- un cil presentant dans sa region basale 9 doublets de microtubules disposes selon une symetrie rayonnee; I'un des 2 microtubules de
chaque doublet apparait plein et porte 2 bras, l'autre apparait creux,
- la liaison plus ou moins directe de la region distale du cil a la
cuticule.
Ces caracteristiques
ont ete retrouvees
chez taus Ie sensilles
chordotonaux
exterocepteurs
et propriocepteurs
des Crustaces. On les
retrouve
egalement
dans les sensilles chordotonaux
des Insectes
(Moulins
1976). Les sensilles cylindriqlles qui presentent toutes ces
caracteristiques
sont donc d'une maniere certaine des sensilles mecanorecepteurs
chordotonaux. Cependant, la presence d'un pore terminal
a l'extremite de la partie externe du sensille et d'une secretion obturant
ce pore sont plutot des traits caracteristiques
d'un sensille chemorecepteur (Slifer 1970). II reste donc a elllcider les raisons de la presence de ce
pore terminal. dans un sensille mecanorecepteur.
Par ailleurs, nous
retrouvons dans les sensilles cylindriques, les details ultrastructuraux
mis en evidence dans les cils de type 9 + 0 des autres sensilles
chordotonaux
de cette espece: des pontages labiles relient les tubules A
d'une part avec les tubules B du doublet voisin, d'autre part avec les
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protliberances
localisees sur la face cytoplasmique
de la membrane
ciliaire.
Selon l'hypothese
que nous avions precedemment
emise
(Crouau
1980). il Y aurait,
grace a un mecanisme
cvclique, un
mouvement
de rotation de la couronne de doublets relativement
a la
membrane
ciliaire; cette rotation entrainerait
conjointement
avec Ie
glissement
relatif des doublets (theorie de Satir) une mise en lorme
. hericoidale du cil et par la une amplification
du signal a transmettre
et
avant induit ce mecanisme de mise en mouvement du cil (Crouau 1982).
L'a comparaison
des sensilles cylindriques
avec les autres sensilles
chordotonaux
d'A. ;uberthiei est interessante.
Les sensilles cylindriques
different des soies courbes des fouets a'ntennaires d'A. ;uberthiei par leur
capteur externe mais aussi par leur partie interne. En elIet, les soies
courbes
d'A. ;uberthiei sont des sensilles mixtes chez lesquels une
fonction probablement
chemoreceptrices'ajoute
a la fonction mecanoreceptrice.
Le nombre de cils par sensille est alors plus important et il
s'ensuit une morphologie de certaines structures differente de celie des
sensilles cylindriques:
l'espace scolopal est plus important et Ie scolope
guile borde sur un cote est plus large. II n'existe pas de tube de matiere
extracellulaire
enserrant
les cils avant leur penetration
dans la soie
comme c'est Ie cas pour les sensilles cylindriques.
La partie externe du
sensille est egalement
tres differente: les soies courbes des antennes
sont longues et presentent
3 regions differant par la structure de leur
paroi cuticl;llaire; au-dela du tiers basal de la hampe, la paroi presente
une structure
complexe probablement
helicoidale
OU alternent
des
bandes de cuticule de nature differente; dans la partie distale de la soie
.cette structure
est encore modifiee; des espaceslibres
apparaissent
entre les bandes de cuticule;
les cils mecanorecepteurs
n'occupent
gu'une partie de la lumiere de la soie et en une position constante alors
que les cils des sensilles cylindriques
voient leur volume augmenter
fortement
a leur penetration
dans la partie externe; de meme, a ce
rdveau les microtubules
perdent la cohesion qu'ils possedaient avant de
quitter Ie tube alors qu'ils la conservent jusqu'a leur extremite dans les
soies courbes. Par contre, ces 2 types de soies ont un point comun,
. l'exIstence
d'un pore obture par une secretion a leur extremite. Cette
secretion
semble toutefois dillerente;
pour les soies courbes, des cils
probablement
chemorecepteurs
penetrent dans ce bouchon qui n'a par
contre aucun contact avec les cils mecanorecepteurs.
La secretion des
soies courbes apparait moins dense aux electrons que celie des sensilles
cylindriques.
Les s~nsilles cylindriques
presentent
beaucoup plus de
points communs avec les phaneres spinules en ce qui concerne la partie
interne; les 2 sensilles etant des mecanorecepteurs
stricts, on n'observe
pas les dillerences
citees plus haut quant aux caracteristiques
du
scolope et de I'espace scolopal. De meme, avant penetration
dans la
partie externe dw sensille, les cils sont dans les 2 cas enchasses dans un
tube de matiere extracellulaire.
Par contre, les recepteurs externes de 2
sensilles sont tres dillerents; les phaneres spinules sont beaucoup plus
longs (15 a 60 p,m) et pourvus d'un bulbe basal et de spinules disposes
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. sur 2 genera trices diametralement
opposees. Le tube de matiere
extracellulaire s'integre a la cuticule du phanere au-dessus du bulbe
basal.
. Les sensilles cylindriques sont done des mecanorecepteurs stricts.
La determination de leur fonction exacte reste cependant problematique; elle est vraisemblalement ditlerente de celie des phaneres spinules
et des soies courbes qui sont sensibles aux courants hydrodynamiques
(Crouau 1986).
Les recepteurs externes pourraient etre non pas Ie petits tubes
cuticulaires mais la plage de cuticule fine qui Ie porte et qui est
deformable; en etlet, la deformation des tubes par un stimulus
mecanique n'entraine pas de deplacement des extremites de cils; un tel
deplacement peut par contre etre obtenu par la deformation de la plage
de cuticule fine soit par Ie contact avec un objet exterieur, soit peut-etre
par une variation de pression.
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Secondary sympatric occurrence of sibling species of
subterranean shrimps in the Karst

M. Cobolli Sbordoni*, M. Mattoccia**, G. La Rosa*,
E. De Matthaeis* and V. Sbordoni**
SUMMARY
Allozyme variation at 32 gene loci was studied in cave dwelling shrimps of the genus
Troglocaris (fam. Atyidae). Populations were collected from several caves and wells
belonging to different drainage systems in the Karst areas of NE Italy. Results suggest the
existence of two sympatric, genetically distinct, biological species (provisionally
indicated as species A and B in the T. anophthalmus complex) in the samples collected at
the Duino Well, Sagrado and Comarie caves (Nei's 1):=0.209).Samples from Gradisca and
Aurisina are represented by only one (A)or the other (B) of the two species, respectively.
Two remaining eastern populations from the Rosandra Valley also proved to be
monospecific. However, they possess fixed alternative alleles markedly different from
both species A and B suggesting that these two populations may belong to a third sibling
species, C (A vs C, 0=0.346; B vs C."15'=0.146).These data are discussed in relation to
allopatric speciation of cave dwelling shrimp species, flooding periods of subterranean
waters and the role of cave organisms as markers of this process.

INTRODUCTION
Speciation
processes of cave dwelling populations
and their
divergence
from epigean ancestors are thought to be promoted at a
large extent, by geographic isolation (Barr, 1968; Sbordoni, 1982; Barr
and Holsinger,
1985), although in some instances active dispersal
accompanied
by adaptive shift has been hypothesized as a possible
speciation
mechanism (Howarth, 1987; Rouch and Danielopol, 1987).
Several studies carried out on the genetic structure of cave populations
revealed an high rate of genetic differentiation
between populations
supposed to be conspecific on morphological ground (Sbordoni, 1982).
In caves, according to Culver (1982). "many morphological species may
contain several subspecies or even species".
* Department of Animal and Human Biology, University of Rome "La Sapienza",
Italy.
** Department of Biology, University of Rome "Tor Vergata", Italy.
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or the genus Troglocaris.

Reported
examples of morphologically
close' or sibling species
detected electrophoretically
include cave millipeds (Laing et ai., 1976),
Speonomus beetles (Delay et ai., 1980; Juberthie, 1988) and stygobiont
Cyrolanid crustaceans (Caccone et ai., 1986). In the above cases, due to
the allopatry of such populations, their status as distinct species is only
inferred from their highly divergent allelic constitution. However, in
the case of Speonomlls, the existence of reproductive barriers was also
supported by laboratory experiments (Sbordoni and.Menichetti, unpublished; Juberthie-Jupeau,
\988). The occurrence of allopatric sibling
species in caves may be due to parallel evolution or similarity in trends
of phenotypic
changes in populations
diverging genetically when
subjected
to similar selection regimes (Cohan, \984). Concurrently,
divergence
at neutral or sligthly deleterious genes, eventually not
associated
with phenotypic divergence, is often enhanced between
small cave population by genetic drift (Sbordoni, 1982).
The present paper deals with the secondary sympatry of two
sibling cave shrimps, providing direct evidence of their status as
distinct species and arguments in favour of their allopatric origin as
well. Sympatric occurrence of sibling cave species has not previously
been reported.
Freshwater
shrimps of the genus Troglocaris (fam. Atyidae) are
among the most representative
inhabitants of the subterranean waters
in the Karst areas of NE Italy and Yugoslavia. They often occur
together with the cave salamander Proteus anguinus and constitute an
important part of its diet. The genus Troglocaris shows a disjunct, relict
distribution
and, according to morphological criteria, it is considered
to consist of tour species: 1'. inermis Fage, 1937, trom Cevennes
(Southern France), T. anophthalmus (Kollar, 18.48) a polytypic taxon
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MATERIALS AND METHODS
The Italian samples were collected from three contiguous areas,
Gorizia Karst, Trieste Karst and Rosandra Valley. In some of these
localities collections were replicated during different water conditions
in different years. Samples are characterized by locality symbol,
collection site, cave register number, altitude, municipality and
province, collection periods and number of specimens assayed, as in the
following list.
.Gorizia Karst samples:
GRA- Frari Well, VG 4911, m 30 a.s.l., Gradisca di !sonzo (GO); jan. 87;
N=5.
.
SAG- Sagrado Ca\'e, VG 4112, m 25 a.s.l., Sagrado (GO); sept. 80, lebo
85; N = 47.
COM- Comarie Cave, VG 4121, m 15 a.s.I., Doberdo del Lago (GO); dec.
83, jan. 86; N = 83.
Trieste Karst samples:
DUI- Duino Well, VG 226, m 50 a.s.l., Duino-Aurisina (TS); sept. 80, dec.
83;N=57.
AUR-Aurisina Springs, m 0 a.s.l., Duino-Aurisina (TS); jan. 87; N = 12.
Rosandra Valley samples:
BAG- Bagnoli Cave, VG 105, m 64 a.s.I., San Dorligo della Valle (TS);
sept. 80, nov. 83, jan. 87; N = 49.
SDO- Seasonal Spring near Fonte Oppia Spring, m 93 a.s.I., San
Dorligo della Valle (TS); leb. 87; N = 22.
Location of Italian samples is reported in Fig. 2. The French sample
(FRA) of T. inemlis was collected in the Sauve Cave, Gard, Southern
France; oct. 85; N = 30.
The samples were transported alive to the laboratory and frozen at
-80 C.
Horizontal electrophoresis was performed on 12% starch gel from
Connaught Laboratories by using crude homogenates of the whole
body. The following enzymatic proteins have been assayed for genetic
variation: ACPH, ADA, AO, APH, CA, EST, GOT, G6PD, LAP, LDH, ME,
MPI, PEP, PGM, PHI, TO. The electrophoretic systems used, the
staining techniques, the abbreviations and the Enzyme Commission
number are detailed in Table 1. The electrophoretic systems are
designed as follow: A = discontinuous tris citrate, pH 8.6 (Poulik, 1957);
B = tris versene borate, pH 9.1 (as buffer B of Ayala et aI., 1972); BI = as
buffer B but with NADP+ added; C = continuous tris citrate, pH 8.4
(modified from buffer C of Avala et aI., 1972); 0 = tris maleate, pH 7.4
(Brewer and Sing, 1970); E ;, continuous tris citrate, pH 8.0 (Ward and
Beardmore, 1977).
Allozymes were numbered relative to the commonest one designated 100.
The genetic variability of samples was estimated by He (expected
mean heterozygosity under Hardy-Weinberg equilibrium), Ho (obser0

Acid phosphatase
Adenosine deaminase
Aldehyde oxidase
Alkaline phosphatase
Carbonic anhydrase
Esterase
Glutamic-oxalacetic
transaminase
Glucose-6-phosphate
dehydrogenase
Leucine amino
peptidase
Lactate dehydrogenase
Malic enzyme
Mannose phosphate
isomerase
Peptidase
Phosphoglucose mutase
Phosphohexose isomerase
Tetrazolium oxidase

ACPH
ADA
AO
APH
CA
EST
GOT

PEP
PGM
PHI
TO

LDH
ME
MPI

LAP

G6PD

Enzymes

Codes

3.4.11
2.7.5.1
5.3.1.9
1.15.1.1

1.1.1.27
1.1.1.40
5.3.1.8

3.4.11.1

1.1.1.49

3.1.3.2
3.5.4.4
1.2.3.1
3.1.3.1
4.2.1.1
3.1.1.1
2.6.1.1

E.C.No

E
D
C
B

A
A
I

A

B1

A
E
B
A
G
A
BI

Buffer
systems

Lap-I; Lap-2

G6pd-l; G6pd-2

Acph-I; Acph-2
Ada
Ao-I; Ao-2; Ao-3; Ao-4; Ao-S
Aph
Ca-I; Ca-2; Ca-3; Ca-4
Est-I; Est-2; Est-3
Got-J; Got-2

Loci scored

Shaw and Prasad, 1970
Brewer and Sing, 1970
Brewer and Sing, 1970
Ayala et aI., 1972

Pep-I; Pep-2
Pgm
Phi
To-I; To-2

Ldh-I; Ldh-2
Selander et aI., 1971
Ayala et aI., 1972
Me
Harris and Hopkinson, 1978 Mpi

Ayala et aI., 1972

Ayalaetal.,1974b

Ayala et a1.1972
Spencer et aI., 1968
Ayala et aI., 1974a
Ayala et aI., 1972
Brewer and Sing, 1970
Ayala et aI., 1972
Ayala et aI., 1975

Staining techniques

Table I - A summary of proteins investigated, enzyme codes, procedures used and loci detected in Troglocaris species.
See text for buffer systems.
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ved mean heterozygosity),
P (proportion
of polymorphic
loci in
according
to the criterion of the second most common allele being at
least 1%), A (mean number of alleles per locus), and H' (Shannon
diversity index; Shannon and Weaver, 1963).
The genetic relationships
between species and populations
were
evaluated
through the unbiased estimate of standard genetic distance
(Nei, 1978).
The dendrogram
was drawn on the basis of the D values, using the
UPGMA method of cluster analysis (Sneath and Sokal, 1973).
Factorial analysis of correspondences
(Benzecri, 1973) was used to
examine
in detail allele frequency relationships
among samples and
genotypes.
RESULTS
Thirtv-two
inferred loci were consistent Iv scored. Twentv-seven
loci were monomorphic
in all samples: Acph-I, Acph-2, Ao-I, Ao-i, Ao-3,
Ao-4, Ao-5, Aph, Ca-I, Ca-2, Ca-3, Ca-4, ES1-I, ESI-2, ESI-3, Gal-I, Got-2,
G6pd-2,
Lap-I, Ldh-I,
Ldh-2, Me, Mpi, Pep-I, Pep-2, To-I, To-2. The
population
of Trag/ocaris
i/lerlllis
(FRA) was monomorphic
at all
analyzed
loci; eighteen
loci were found to be diagnostic
with the
following
alternative
alleles for this population:
Acph-21IU, Ca_/uu,
Ca-21IU,
Ca-31Iu,
Est_/uu,
ESI-2ull, Est-3Ull, Got-lUll, Got-2uu, G6pd-/uu,
G6pd-21IU, Lap_2uu, Ldh-21lu, Mellll, Mpillll, Pep_2Ull, Phiull, To-2uu.
Among the Italian population five loci were polymorphic.
namely:
Ada, G6pd-l,
Lap-2, Pgm, phi.
.'
Four loci (Ca-I, Est-I, Me, Pep-2) have been found to be diagnostic
for the populations
of Bagnoli (BAG) and S. Dorligo (SDO).
At six other loci (Ca-2, Est-3, Got-2, G6pd-2, Mpi, Phi) homozygous
genotypes for each of two alternative alleles have been found to coexist
in the samples of Duino (DUI), Sagrado (SAG) and Comarie (COM).
With the exception
of two individuals
from Comarie, showing a
heterozygous
pattern at the Phi locus, no heterozygote was detected ~t
each of these loci.
Overall the analysis of 275 individuals showed the occurrence of 18
different multilocus genotypes (Table 2).
Results from a correspondence
analysis of these multilocus genotypes is shown in Fig. 3. In the diagram the different genotypes split into
three groups (A, B, C), in different quadrants within the factorial plane
determined
by the first two axes, together explaining 80% of the overall
variance. The displacement
of the three groups is determined
by the
alleles exclusive
of each group, namely: Ca-21OO, Est-]loo, Got-2Ioo,
G6pd-295,
Mpi1oo, Phi100, for group A; Ca_295, Est-395, Got-295, G6pd-2Ioo,
95
Mpi ,
Ph i95 , for group B; Ca-198, Est-398,
Me105, Pep_298, for group C,
which shares alleles with group B at the loci Ca-2,.Esl-3,
Gol-2, G6pd-2,
Mpi. While all the genotypes from Bagnoli and S. Dorligo samples
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Fig. 3 - A two dimensional plot of 18different multilocus genotypes of Italian Troglocaris
samples resulting from correspondence analysis of 275 individual genotypes. Triangles
denote multilocus genotypes, circles denote alleles at enzyme loci.

cluster together in C, most other samples are placed into groups A or B.
For example, individuals characterized by genotype n° 1of the group B
and individuals with the genotype n° 3 of the group A occur together in
Duino, Sagrado and Comarie localities (Table 2 and Fig. 3).
At these localities the occurrence of fixed allele differences at the
six loci, clearly showed the existence of two diversified and isolated
groups of genotypes, not only in the samples collected in different years
at the Duino Well, but also in the samples collected at Sagrado and
Comarie caves. The allele frequencies calculated for the A, B, C groups
in the different localities are shown in Table 3.
The correspondence analysis of the allele frequencies displayed
evolutionary relationships similar to those shown by multi locus
genotypes analysis (Fig. 4).
Samples from Gradisca (GRA) and Aurisina (AUR) are only
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* Loci lacking heterozygotes in Duino, Sagrado and Comarie (with exception of Phi of
Comarie).
** Diagnostic loci for Bagnoli and S. Dorlingo.
*** Polymorphic loci.
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II
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Table 2 - Electrophoretically
determined multi locus genotypes of Italian Troglocaris
samples and their number in the study samples. Symbols as in materials and
methods.

32

SAG

uI

I
I
2
20

~I
I
II

CO"

II

At:W.

indi\i.h"'IoI~ from:
GOA

I

n

I
2
18

s ..•.r.

12
2

soo

I

0

30
29

~

3
J
I
I

~

SI

I
1

I

22

83

T•..•
ul
nun.bcr

$:

~

:!

Z

0

tJ

~

0

OJ

(J]

t:

r-

0

OJ

0

I"")

SIBLING

SPECIES

OF SUBTERRANEAN

SHRIMPS

17

represented
by either one or the other of the A-B complex (Table 2 and
Fig. 3).
On the basis of the allelic frequency data, genetic identity (I) and
standard
genetic distance (D) values have been calculated (Table 4),
utilizing Nei's (1978) method. D values between the Italian samples
confirm the hypothesis of the existence of three groups of populations,
provisionally
indicated as "species" A, B, C. Genetic distances between
populations
within each group are extremely low. Much higher values
have been revealed between populations belonging to different groups
(A vs B, D = 0.209; A vs C, U = 0.346; B vs C,'U = 0.146). The French
sample of T. inermis appears to be consistently differentiated from each
of the Italian populations (average D = 0.827). The dendrogram of Fig. 5
summarizes
genetic distance relationships between populations .
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Table 3 - Allele frequencies of Troglocaris samples. N
Locus

Acph-I

allele

100
N

Acph-2

Ada

110
100
N
100
98
95

Ao-5

Ca-2

Ca-3

BAG

COM-A

COM-B

SDO

AUR

I
II

I
46

I
39

I
8

I
47

I
53

I
30

I
22

1
11
0.75

1
46
1

1
1
39
8
0.912 1

GRA

FRA

I
12

I
5

I
30
1

46

39

8

47

53

30

22

12

5

N

II

I
46

39

I
8

1
47

53

1
30

1
22

I
12

5

110
100

I

1
8
1
8
1

1
47
1
47

1
53
1
53
1

1
30
1
30
1

I
22

1
12
1
12
1

1
5
1
5
1

53
1

30
1

22
1

12
1

5

53
1

30

22

12

5

100
100
N
100
100
N

Ca-I

SAG-B

II

100

N

Aph

SAG-A

5
1
8
1
8
1
8
1
8
I
8
1
8
1

100

N

Ao-4

DUI-B

0.088
17
1
39
1
39
1
39
1
39
I
39
I
39
1

N

Ao-3

DUI-A

0.250 4
20
1
1
11
46
1
1
11
46
1
1
11
46
1
1
II
46
I
1
11
46
1
I
II
46
I
I

N

Ao-2

number of individuals assayed.

1
1
47
53
0.980 0.885
0.020
0.115
25
26
1
1
47
53
1
I
47
53
I
1
47
53
1
I
47
53
I
I
47
53
1
1
47
53
1

N

Ao-1

=

ct at.

100
98
90
N
110
100
95

11
1
11

1
46
1
46

I

I
30
I

1
22
1

1
12
1

1
5
1

9
1
30
1
30
1
30
I
30
I
30
I
30
1

22
I
22
1
22
1
22
I
22
I
22
1
22

12
1
12
1
12
1
12
1
12
I
12
1
12
I

5
I
5
I
5
I
5
I
5
I
5
1
5
I

Ca-4

100
N

Est-I

100
98
90

1

1

39
1
39
1

N

11
1

46
1

39
1

8
I

47
1

11
1

46

39
1

8

47

11
1

46
1

39
1

8
1

47
1

53
1

30
1

22
1

12
1

5
1

11

46

39

8

47

53

30

22

12

5

N

Est-2

100
90
N

Est-3

Got-1

100
95
90
N
. 100
90
N

I

22

30
1

30
1
30
1
30
1
30
I
30
I
30
1
30

1
30
1

30
1
30
1
30

1
30

I

1
30

I

1
30
1
30

SIBLING
Locus

allele

Got-2

100
95
90
N

G6pd-1

100
98
90
N

G6pd-2

110
100
95
N

Lap-l

100
N

Lap-2

Ldh-I
Ldh-2

Me

Mpi

Pep-I
Pep-2

100
98
90
N
100
N
110
100
N
110
105
100
N
110
100
95
N
100
N
100
98
90
N

Pgm

102
100
N

Phi

To-l

100
95
90
N
100
N

To-2

100
90
N
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DUI-B

SAG-A

SAG-B

BAG

COM-A

COM-B

SDO

AUR

II
I

46
I

39
I

8
I

47
I

53
I

22
30
0.947 I
0.053 -

12
I

5
I

II

46

39

8

47

40

19

22

12

5

I
II
1
II
I

46
1
46
I

I
39
1
39
I

8
1
8
1

47
I
47
I

I
53
I
53
I

30
I
30
I

22
I
22
I

I
12
5
I
1
12
5
0.929 I
0.071

II
I
II

46
I
46

39
I
39

8
I
8

47
1
47

53
I
53

30
I
30

22
I
22

7
1
12

5
I
5

1
II

I
46

I
39

I
8

I
47

I
53

I
30

I
22

I
12

I
5

I
II

I
46

I
39

I
8

47

I
53

I
30

22

I
12

I
5

II
1
II
I

I
46
I
46
I

39
I
39
I

I
8
I
8
I

53
I
53
I

I
30
I
30
I

I
22
I
22

I
12
I
12
I

5
I
5
I

II
0.045
0.955
II
I

39
46
0.053 0.947 I
37
38
I

8

22
0.024

12

5

0.976

I
4

1
5
I

II
I
II
I

46
I
46
I

39
I
39
1

8
I
8
I

42
I
47
I

84
I
53
I

38
I
30
I

17
I
22
I

12
I
12
1

5
I
5

II

46

39

8

47

53

30

22

12

5

DUl-A

I
5

1

47
I
47

30
53
0.023
0.977 I
I
43 .
22
43
0.762 0.976 0.238 0.024 I
47

21
0.353
0.647

GRA

FRA

I
30

I
30
I

30
1
30

I
30
I
30
I
30

30
I

30
I
30

I
30
I
30

I
30
I
30

1

I
30
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Table 4 - Genetic identity (above) and genetic distance (below) values between populations
and species of Trag/oeans.

OUI-A
OUI-B
SAG-A
SAG-B
BAG
COM-A
COM-B
SOO
AUR
GRA
FRA

DUI-A

OUI-B

SAG-A

SAG-B

0.211
0.000
0.211
0.340
0.000
0.211
0.357
0.211
0.001
0.840

0.810
*****
0.209
0.000
0.156
0.208
0.000
0.139
0.000
0.208
0.829

1.000
0.81 I

0.810
1.000
0.812
*****
0.155
0.207
0.000
0.139
0.000
0.208
0.827

*****

0.208
0.336
0.000
0.209
0.353
0.209
0.000
0.830

BAG

0.712
0.856
0.714
0.856
0.337
0.156
0.005
0.156
0.335
0.822

COM-A

1.000
0.812
1.000
0.813
0.714
*****
0.208
0.353
0.208
0.000
0.832

COM-B

SOO

0.810 0.700
1.000 0.870
0.811 0.703
1.000 0.870
0.856 0.995
0.812 0.703
*****
0.870
0.139 *****
0.000 0.139
0.208 0.352
0.825 0.820

AUR

GRA

0.809
1.000
0.81 I
1.000
0.856
0.812
1.000
0.870
*****
0.208
0.824

0.999
0.812
1.000
0.812
0.715
1.000
0.812
0.704
0.81,2
**.***
0.827

FRA

0.432
0.437
0.436
0.437
0.440
0.435
0.438
0.440
0.438
0.437
*****

!I----------------FRA
1 inermis

COM'A

GRA

SAG-A
DUI-A

1/

T. anophthalmus
complex

BAG

SDO
AUR
COM-B
DUI-B
SAG-B
,
.20

Fig. 5 - UPGMA dendrogram
species of Trag/oeans.

,
.15

,

.10

showing genetic relationships

,

.05
genetic distance

,

0

between populations and

Table 5 gives the genetic variability
estimates for all studied
populations
of Troglocaris. All estimates of observed (Ho), and expected
(He) heterozygosity,
and the Shannon index (H') indicate an unusually
low level of genetic polymorphism:
He ranges from 0 to 0.023 among
the
Italian
populations,
with
the
French
population
being
monomorphic.

SIBLING
Table S - Variability

SPECIES

OF SUBTERRANEAN

estimates of Troglocaris populations

n at recorded

Species

Population

FRA

T. inermis
T. anophthalmus
complex

21

SHRIMPS

A

B

C

N

Ho

He

multicolus
genotypes

.

genotypic
diversit_v
index H' (ShannonJ

0.000

30

0.000 0.000

II

0.023
0.004
0.012
0.000

4
2
6

S

0.029
0.006
0.014
0.000

46
8
26
12

0.003
0.000
0.004
0.004

0.003
0.000
0.004
0.004

2

SAG
COM
AUR

3
2

0.128
0.000
0.304
0.124

BAG
SOO

48
22

0.016 O.Q\S
0.020 0.018

S
S

0.428
0.540

OUI
SAG
COM
GRA

our

39

57

I

I

0.504
0.204
0.384
0.000

DISCUS.SION
Results from the analysis of allozyme genotypes and allele
frequencies have clearly shown the existence of separate biological
species in the samples collected in different years at the Duino Well
(DUI), Sagrado (SAG)and Comarie (COM)cz.ves.Two species. provisionally indicated as species A and B in the T. anophthalmus complex,
appear to coexist syntopically in these three localities. Indeed, in spite
of their sympatric occurrence no heterozygote was detected at any of
the loci fixed for alternative alleles (with the exception of the locus Phi
of COM A sample), indicating a lack of gene flow between th~se species.
Two individuals have beel) found with an hett~rozyg~)Uspattern at the
Phi locus in the COM sample; they have been identified as species A on
the basis of their remaining five diagnostic loci. This outcome might
well be the result of an introgression. Nevertheless it could also be
explained as a polymorphism at the Phi locus, taking into account that
a similar electrophoretic mobility of allozymatic forms might mask
substantial differences. In this way the Phi95 allele of the two COM
individuals may be different from Phi95 allele of species A. Similar
features may count also for PhilOO allele of species C and A. In the ligth of
these remarks no clear evidence of any gene flow between species A and
species B is available.
Samples from COM, DUI and SAG have been examined to detect
any morphological discontinuity at relevant taxonomic features. Since
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careful morphological
inspection of the characters
usually utilized in
the taxonomy of this group did not reveal any character available to
separate
the two species they can be regarded
as true siblings.
However, due to the difficulty of collecting adeguate samples, multivariate morphometric
analysis has not yet carried out. At present, the
assignment
of specimens to either species A or B is possible only by
means of their electrophoretic
patterns.
On this basis it has been
pointed out that species A is also present in the Gradisca Cave, while
the sample collected at the Aurisina Springs belongs to species B. The
two remaining
population
samples from the Rosandra River basin,
BAG and SDO, proved to be monospecific too. Because "species C" does
not occur sympatrically
with A or B, we cannot be as certain of its
status
as a distinct
species. However, the fact that it is fixed for
alternative
alleles at several loci strongly suggests it is reproductively
i<;olnted from A and B as well. This interpretation
of data is supported
by the analysis
of dendrogram
(Fig. 5) and the results of the
correspondence
analysis on allele frequencies (Fig. 4).
An interesting
feature of the genetic structure
of Troglocaris.
populations
is that genetic distance between samples, within each of
the two species A and B, are very small (D ::; 0.001) in spite of their
relatively
high geographic distance (see Fig. 2). Indeed these findings
strongly suggest that these various samples actually belong to single
panmittic
populations
both in the species A and in the species B as well.
Similar situations have been found in other stygobiont animals as
Spelaeomysis (Crustacea, Mysidacea: De Matthaeis et aI., 1982), Typhlocirolana (Crustacea, Isopoda: Caccone et a!., 1986), Phreatichthys and
Barbopsis (Pisces, Cyprinidae: Cobolli Sbordoni et. aI., 1989). On the
whole these results show that the genetic structure of several stygo- .
biont organisms
is largely affected by the 'continuity'
of the underground water systems. Different situations have been often observed in
conspecific populations
of terrestrial Arthropod cave species due to the
prevailing
discontinuity
of the terrestrial cave biota (Delay et a!., 1980;
Sbordoni et aI., 1985; Crouau-Roy, 1987; Barr and Holsinger, 1985).
The interspecific
values of genetic distances in pairwise comparison between the three sibling species range from 0.139 to 0.357. Similar
values of genetic distances have been recorded in other cave species.
For example D values range from 0.15 to 0.23 (Sbordoni et aI., 1985) in
pairwise
comparisons
between different species of cave Orthoptera
belonging
to the genus Dolichopoda. Such species proved to be
reproductively
isolated by postmating
barriers in natural and experimental conditions (Allegrucci et a!., 1982).
The occurrence
of allopatric
genetic divergence in subterranean
organisms
in the absence of consistent morphological
differentiation
is
quite common (Sbordoni,
1982). The potential existence of undiscovered sibling
species complexes
in several Decapod Crustaceans
is
emphasized
by Knowlton (1986). However, the sympatric occurrence of
sibling cave species is an unexpected evolutionary outcome. It has not
previously been reported and deserves some comments.
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First, there is a lack of any reasonable basis to hypothesize
sympatric speciation leading to adaptive divergence of species A and B.
Indeed, repeated visits to Troglocaris caves did not provide any evidence
of ecological displacement between the two species. On the contrary
they seem to share the same habitat and the same food resources as
well. In our opinion all three species in the T. anophthalmus complex
originated in allopatry. The range of species A and B do not overlap
completely, suggesting that species A originated in the underground
waters of the Vipacco-Isonzo basin and species B originated in isolation
in the Timavo system. Presently, in flooding periods, subterranean
waters from the two systems join to various degreees in a rather wide
area including the DUI, SAG and COM caves (Fig. 2). Repeated
sampling in the three caves in dry periods and during floods yielded
significantly different proportions of the two species, suggesting their
possible role as markers of flooding ground waters (Table 6).
Table 6 - Number of individuals and relative frequency of Troglocaris species A and species
B occurring in successive samples in three caves in the Karst.

Can"

Sampling
date

Underground
water level

Individuals
and relative
In:quency (in brackets) 01
species 8

species A

7 (0.28)
4(0.12)

18(0.72)
28 (0.87)

dry
tlood

20(1.00)
19(0.70)

0(0.00)
8 (0.30)

dry
tlood

7 (0.32)
77 (0.82)

15(0.68)
17(0.18)

DUI

Sep 1980
Dec 1983

dry
dry

SAG

Sep 1980
Feb 1985

COM

Jan 1983
Jan 1986

X'= 1.284

n.s.

X'=5.198

0.0I<P<0.025

x'= 19.960

P<0.005

In the past, however, complete isolation of these drainage systems
is indicated both by tectonic events, wich occurred from 5.2 million
years up to 0.7 Myr B.P., and by variations in the underground water
level (Carulli et aI., 1980). S.uch geological dating of palaeotectonic
events is in agreement with rough estimates of divergence times
obtained from allozyme data, by assuming the molecular clock
hypothesis. We utilized the relation between genetic distance and
absolute time suggested by Nei (1975), T = 5x 106 X D years, which for
low D values require no adjustment for "slow" and "fast" evolving loci.
Even if these estimates are subjected to large standard errors associated with the D values, they provide a good basis for dating allopatric
cladogenetic events in "island like" vicariant species (Sbordoni et al..
1990).
According to these estimates speciation events occurred in the T.
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complex between 1.7 Myr (species A vs C) and 0.7 Myr:
B.P .. (species B vs C). Presently geographic barriers between species A
and B are no long at work. The almost corhplete lack of geographic
variation
between populations
within each of the two species is
propably due to the present high interconnectivity
of ground waters
but also to the very low level of genetic diversity detected within
populations (Table 5).
Another point deserving some comments is the low degree of
genetic variability
revealed by these Troglocaris shrimps. Levels of
heterozygosity
recorded in all samples rank these organisms among the
less genetically variable cave dwelling species of Crustaceans (Caccone
et aI., 1986). We hypothesize three explanations, which might account
for this outcome:
I) Marginal
populations.
The different
populations
of T.
anophthalmus
examined in this study come from the margin of the
distribution
of the species complex. In some cases (Highton and
Webster,
1976; Barker and Mulley, 1976; Prakash et aI., 1969) a
reduction
in allelic polymorphism
in peripheral situation has been
reported.
This hypothesis might be tested through the analysis of
Slovenian populations which.are in the centre of the range.
2) Genetic variability
levels in Crustacea Decapoda. With few
exceptions,
species of Decapod Crustaceans have been found to be
scarcely polymorphic
at allozymic loci, and clearly less than other
groups of invertebrates
(Nelson and Hedgecock, 1980; Nevo et aI.,
1984). Thus, the observed levels of enzyme polymorphism could simply
reflect a particular taxon-dependent genetic pattern.
3) Age of colonization of cave environment.
From the results of
previous studies on cave organisms belonging to different taxa, genetic
variability
in cave populations
appears to be positively related to
evolutionary
time (i.e. the time since the last bottleneck). In particular,
high values of heterozygosity have been reported in troglobitic species,
mostly in aquatic Amphipodan and Isopodan Crustaceans, Niphargus
and Monolistra species (Sbordoni et aI., 1979; 1980). These cases have
been explained as the result qf an ancient colonization of hypogean
habitats. On the other hand, low genetic variability levels have been
found in comparatively
more recent invaders of subterranean
waters
such as Spelaeomysis (De Matthaeis et ,aI., 1982) and Typhlocirolana
(Caccone et aI., 1986). These Crustaceans
belong to the so called
"thalassoid"
group of organisms, and are thought to have colonized
underground
water systems during the Pliocene regression of the
Mediterranean
Sea (Stock, 1967). Low genetic variability of Troglocaris
species fits well with this scenario since their cave evolution seems to
be relatively recent (Bouvier, 1925). In the Dinaric area, cave colonization has been dated to the end of Pliocene (Sket, 197 I) and a few
Troglocaris anophthalmus populations still retain "epigean" features
such as well developed eyes (Sket, 1985).
These three hypotheses
are not mutually exclusive. A fourth
hypothesis has sometimes been raised to explain assumed or observed
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low genetic variability in cave animals, i.e., the role of a small effective
population size in decreasing variability via inbreeding and genetic
drift (Avise and Selander, 1972).This hypothesis seems not to apply to
our situation because the lack of any evidence of reduced population
size of Troglocaris populations. In addition it has been empirically
proved that even very small cave populations, estimated by markrecapture methods, may show high levels of genetic variability
(Sbordoni et aI., 1987).
On the contrary the great genetic identity revealed between
geographically distant populations within a drainage system, seems to
account for the existence of a hidden large subterranean shrimp
population.
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Laboratory studies of predatory behaviour
in two subspecies of the Carabid cave beetle:
Neaphaenops tellkampfi

David M. Griffith *

SUMMARY
Comparative studies on the foraging behavior of Neaphaenops tellkampfi tellkampfi
and N. t. meridionalis demonstrated adaptation to different environments. The southern
subspecies N. t. meridionalis, which is found in wet muddy caves where cave cricket eggs
are unlikely prey, did not locate buried cricket eggs and dug fewer and less accurate holes
in the lab than the nominate subspecies. N. t. tellkampfi, which reaches high densities in
sandy deep cave environments where cricket eggs are the only viable prey, gained
significantly greater weight than meridionalis when presented buried cricket eggs as
prey. There was no difference with respect to weight change between the subspecies in
the presence of PtomaphaRus larvae. N. t. meridionalis gained wei!!ht at a si!!nificantly
greater rate than the nominate subspecies with enchytraeid worms as prey. Enchytraeid
worms represent the .natural prey most likely to be encountered by N. t. meridonalis. 25%
. of beetle holes were dug deep enough to potentially located buried cricket eggs. Since
Hubbell and Nortons' morphological data on the relationship between cricket ovipositor
lenghth and beetle predation have some problems with sample sizes and minor
assumptions, I conclude that there are no unequivocal data that support the possibility of
coevolution between Neaphaenops and Hadenoecus.

INTRODUCTION
Comparative
studies of behavioral adaptation
are common in the
literature
(e.g., Blumer, 1979; Greenwood,
1980; Gross and Sargent,
1985; Wittenberger
and Tilson, 1980). The pattern of adaptation
to the
environment
revealed in these studies is compelling (see Dobsen, 1985.
for an alternative
viewpoint).
In this paper I present evidence of
adaptat~on
based on laboratory
studies on foraging behavior of two
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subspecies
of carabid cave beetles, Neaphaenops tellkampfi tellkampfi
(Erichson, 1844) and Nt. meridionalis Barr, 1959.
The two subspecies
are appropriate
for comparative
studies
because 1) taxonomic work by Barr (1979) provides hypotheses which
may be tested by behavioral studies, and 2) electrophoretic
work by
Kane and Brunner (1986) has supported
many of Barr's taxonomic
conclusions
based on morphological
characters.
Barr also made
evolutionary
speculations on the origin of predatory specialization of
Neaphaenops on the eggs of the cave cricket Hadenoecus suhterraneus
(Orthoptera:
Rhaphidophoridae).
These evolutionary
statements
are
considered in this paper.
The purpose of this paper is to (1) present and interpret the results
of a laboratory
study on the foraging behavior of two subspecies of
Neaphaenops on different potential prey items, and 2) to present new
data on and to re-evaluate the hypothesis proposed by Hubbell and
Norton (1978) of coevolution between Neaphaenops and the cave cricket
Hadenoecus subterraneus. This hypothesis suggests that beetle predation on cricket eggs has led to the evolution of longer ovipositors of cave
crickets. Longer ovipositors may make it harder for beetles to locate
buried cricket eggs by virtue of placing them deeper in the substrate.
The carabid cave beetle Nt. tellkampfi is commonly found in deep
cave sandy sites, where it locates and consumes the eggs of the cave
cricket Hadenoecus subterraneus (Orthoptera: Rhaphidophoridae).
The
success of nominate tellkampfi at locating cricket eggs, a high energy
resource, accounts for the relatively high densities of beetles observed
in sandy sites (Norton et aI., 1975; Kane and Poulson, 1976; Barr and
Kuehne, 1971).
The southern subspecies N. t. meridiona/is occurs in caves that are
typically
wet and muddy, flood regularly,
and in which sandy
substrates
with cricket eggs are largely absent. The feeding habits of
meridionalis in the cave are generally unknown. Barr (1979) reports a
single observation
in which a beetle was observed "eating a small
chrysomelid
beetle that had washed into the cave through an upper
sinkhole entrance".
On one occasion I observed a beetle eating the
carcass of a cave cricket. Other potential prey items of > 1 mg that
co-occur with both subspecies include the lan'ae 01 the Leiodid beetle
Ptomaphagus hirtus and enchytraeid worms.
METHODS

AND MATERIALS

The nominate tellkampfi subspecies was collected from Edwards
Avenue in Great Onyx Cave in Mammoth Cave National Park. Edwards
Avenue is a sandy deep cave site in which the eggs of the cave cricket
represent virtually the only prey item for the beetles (Kane et aI., 1975;
Norton et aI., 1975; Kane and Poulson, 1976).
The southern subspecies, N t. meridionalis, was collected from Hoy
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Cave in Simpson County, Kentucky, for return to the lab for comparative behavioral studies with nominate tellkampfi. Hoy Cave is located 45
miles southwest of Mammoth Cave National Park. Hoy Cave is a wet
muddy cave that floods regularly. Cave crickets are present, but since
sand is not available for ovipositing, it is not known where the crickets
lay their eggs.
Three separate experiments
used subspecies as treatments,
and
compared weight change in the presence of three potential food items.
The food items for the experiments were (I) cricket eggs, (2) larvae of
the Leiodid beetle Ptomaphagus hirtus, and (3) enchytraeid worms. The
eggs were collected
by sifting sand in Great Onyx Cave within
beetle-free enclosures. Ptomaphagus larvae were raised in lab cultures
from wild caught animals (see Peck, 1975, for lab culture procedures).
Enchytraeid
worms were purchaesed from Carolina Biological Supply
Company because it was impossible to extract them intact from the
mud/clay/silt
substrates
iOnthe cave. In addition to the above experiments, I ran two separate assays of weight change on sand without
food.
There were five replicates per treatment for all treatments, and the
interspersion
of all treatments was randomized within an environmental chamber. There was one beetle per bowl. All experiments were run
for 15 days at a temperature of 15°C within 21 em diameter glass finger
bowls. The tops of the bowls were covered with plastic to maintain high
humidities.
Beetles were anesthetized
with COz and weighed to the
nearest 10-3 mg with a Cahn 25 electrobalance
at the beginning of each
experiment,
and at 2-3 day intervals
during the course of each
experiment.
The main response variable was per cent weight change
per day per beetle. The number and spatial distribution of holes dug in
the egg finding experiment were also recorded, since holes dug in sand
represent foraging efforts of beetles that are trying to locate cricket eggs
(Kane and Poulson, 1976).
I used a t-test for analyses of weight change data. Log likelihood
ratio tests (G-tests) were used to test null hypotheses of no difference in
numbers of holes dug between treatments and in simulated mounds vs.
not in simulated mounds within a treatment (Sokal and Rohlf, 1981).

Egg finding

experiment

In the egg finding experiment, four cricket
simulated
cricket oviposition mounds in each
half-filled with sand collected in Great Onyx
cricket oviposition mounds for cave beetles to
established in prior studies (Griffith, 1990).

Ptomaphagus

eggs were buried under
bowl. The bowls were
Cave. The necessity of
locate cricket eggs was

lmvae experiment

In the Ptomaphagus larvae finding experiment,
four piles (1 em
diameter) of yeast (food for the larvae) were placed in each bowl. The
bowls were half-filled with mud collected from Hoy Cave. Two large
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(prepupal),
two medium (2nd instar), and two small (1st instar) larvae
were released in each bowl.

Enchytraeid

wonn experimel1l

For the Enchytraeid worm experiment, four small (I cm diameter)
piles of dirt from the worm culture medium were placed in each bowl.
All bowls were' half-filled with mud collected from Hoy Cave. Two large
(> 2 cm), two medium (1.0-2.0 cm), and two small « 1cm) worms were
released in each bowl.

Cricket ovipositor lenghts and beetle hole depths
Adult crickets were captured by hand in Great Onyx Cave and were
brought back to the lab to measure ovipositor length. Five female
crickets were removed on ten separate dates over the course of one year
for a total of 50 crickets.
Beetle hole depths for the nominate subspecies were measured in
the lab. Although the experiment was originally designed to determine
how beetles located buried cricket eggs (see Griffith, 1990, for details)
here only the frequency distribution of hole depths (N = 97) is given for
comparison
with cricket ovipositor lengths.

RESULTS
The results of the two separate assays for weight change on sand
without
food suggest that there is no difference between the two
subspecies, but there are clear subspecific differences in ability to find
and consume prey items (Figure 1).

Egg finding experiment
Nominate
tellkampfi gained significantly more weight than meridionalis (t = 3.509, p < .02), but only two out of five nominate tellkampfi
actually ate eggs and gained weight. All five meridionalis beetles lost
weight. N. t. meridionalis was unable to locate cricket eggs due to
poorer accuracy of hole digging (only 3 holes in mounds vs. 23 holes in
mounds for nominate tellkampfi, Gddj = 17.122, P < .00 I) and fewer
holes ( 13 holes were dug by N. t. meridionalis vs. 47 holes for nominate
tellkamp/l, Cadj = 10.144, P < 0.005).

Ptomaphagus

larvae experiment

There was no difference
in weight change between the two
subspecies when given Ptomaphagus larvae as prey (t = -0.089, p > .9).
Only two beetles (one of each subspecies) gained weigth. All six larvae
disappeared
from these two bowls. There was no difference between the
treatments
in the total number of larvae consumed, with 13 larvae
disappearing
in' the nominate
tellkampfi treatment
and 14 larvae
disappearing
in the meridionalis treatment. At least one larva disappea-
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Fig. I - The mean per cent weight changes per day for the three feeding experiments and
the two separate assays without food show that: I) There is little difference between the
subspecies when food is absent (A). 2) N. t. meridionalis lost more weight than N. t.
tellkampfi when given buried cricket eggs (B). 3) Both subspecies lost weight in the
presence of Ptomaphal!.us larvae (Cl. 4) N. t. meridionalis gained significantlv more weie:ht
than nominate tellkampfi when given enchytraeid worms (0). Vertical lines indicate
standard deviations. Open bars represent N. t. tellkampfi and hatched bars represent N. t.
meridionalis.
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red from each
experiment.

bowl.

I did

not

directly

observe

predation

in this

Enchytraeid wonn experiment
!'!. t. meridionalis gained weight at a significantly greater rate than
nomInate tellkampfi when presented Enchytraeid
worms (t = -3.687, p
~ 0.02): All beetles of both subspecies gained some weight. ObservatIOns ot beetles during the course of the experiment
revealed contrasting predatory behavior. N. t. meridionalis used its mandibles to cut up
the large enchytraeid
worm into several pieces, which it then ate "at
leisure". No worms were observed to successfully escape an attack by
meridionalis. Nominate tellkampfi, on the other hand, grabbed one of
the ends of a large worm, and was usually tossed back and forth as the
worm struggled to free Hself. The worm was successful at freeing itself
from nominate tellkampfl on 5 out of 12 occasions.

Cricket ovipositor lengths and beetle hole depths
The frequency distribution
of cricket ovipositor lengths and beetle
hole depths is presented in Figure 2. The mean depth of beetle holes was
11 mm. Mean cricket ovipositor length was 13.5 mm. Notice the higher
variance in beetle hole depths when compared to the cricket ovipositor
lenghts. Since cricket eggs are 2 mm in length, a beetle needs to dig
only '11.5 mm deep before reaching the top of an egg. Approximately
25% of beetle hole depths were dug deep enough to potential reach the
top of buried cricket eggs.

DISCUSSION
Barr (1979) belie"ed
that the greater degree of morphological
departure
of meridionalis from the other three subspecies of Neaphaenops indicates that meridionalis is the oldest isolate. Barr also argued
that Neaphaenops shares a common ancestry with a group of carabid
cave beetles in the genus Pseudanophthalmus
that is confined to the
southern
portion of the ran!!e of Neaphaenops. Finally, biogeographic
evidence indicates that Neaphaenops appears to be in the process of
expanding
its range northward.
These three lines of evidence led Barr
to postulate
a southern origin lor Neaphaenops in the vicinity of the
meridionalis subspecies.
Kane and Brunner (I986), after analyzing
electrophoretic
data on all four subspecies, agreed with Barr's hypothesis of a southern origin for Neaphaenops.

Specialist

or generalist?

Barr (1979) and Kane and Ryan (I983) suggest that Neaphaenops
can eat prey items other than cricket eggs due to evolution of some
generalist foraging tendencies that allowed an expansion of the niche to
include unfavorable
habitats (i.e., habitats where cricket eggs are not
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available). My data show that N. t. meridionalis could not find cricket
eggs in the sand in the lab, and may be more of an enchytraeid worm
specialist
than a cricket egg specialist. If N. t. meridionalis has close
affinities with the ancestral state, as Barr (1979) suggests, then these
results are consistent
with Barr's hypothesis
that the ancestor of
Neaphaenops may have been originally a generalist predator which
expanded
its range as it evolved cricket egg finding behavior after
encountering
northern sandy caves. The sequence of events leading to
cricket egg specialization
can be answered only by further studies on
related carabid cave beetles in the genus Pseudanophthalmus.
Clearly,
the ability of nominate tellkampfi to locate cricket eggs accounts for the
hiilh densities measured within sandy sites in its range, and the ability
of N. t. meridionalis to consume enchytraeid
worms, which are most
likely prey encountered
in wet, muddy caves, is adaptive
in the
southern part of the species' range.

Coevolution
Coevolution may be defined as the reciprocal genetic responses of
two species to each other over evolutionary
time. Studies which
demonstrate
coevolution between two species in this strict sense are
rare (see Futuyma
and Slatkin, 1983, for a review). Most of these
examples of coevolution involve mutualistic or parasitic relationships
(e.g., Feinsinger, 1983; Holmes, 1983).
Hubbell
and Norton (I978) hypothesized
that the HadenoecusNeaphaenops interaction may be an example of a coevolved predatorprey pair. They compared ovipositor lengths of cave crickets from caves
with beetle predators
with ovipositor lengths of crickets from caves
without
beetle predators
and determined
that cricket ovipositor
lengths were significantly
longer in cricket populations experiencing
beetle predation.
The implication
was that because of the 1-2 mm
longer ovipositors, eggs were buried 1-2 mm deeper in the sand, which
made it more difficult for beetles to find the eggs. At present, there are
no experimental
data which directly confirm or reject this connection
between ovipositor lengths and beetle predatory success. My data on
ovipositor lengths and beetle hole depths show that if ovipositor length
were 2 mm deeper, few beetle holes (approximately
4%, which is a six
fold reduction
from the original 25%) would still be deep enough to
locate the eggs. Hubbell and Norton also cited the extensive geographical overlap in the distributions
of the two species in support of the
coevolutionary
hypothesis.
Although the indirect evidence of ovipositor length is strong, there
are two principal arguments which may be raised against a coevolutionary hypothesis.
First, although cave beetles have evolved specialized
behavior to locate buried cricket eggs, cave crickets face many different
predators
during their life cycle. For example, at cave entrances cave
crickets may be consumed by salamanders,
wolf spiders, and mice.
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Studies of coevolution show that when one species interacts with many
different species, tight coevolutionary relationships among pairs of
species are rarely seen (Futuyma and Slatki~, 1983).
Second, Hubbell and Norton may have been wrong in assuming
that predation on cricket eggs occurs in all areas where beetles and
crickets co-occur. Hubbell and Norton assumed that cricket populations in caves which contain N. t. meridionalis experience beetle
predation. My experiments show that in the lab meridionalis did not
loca1e buried cricket eggs in the sand. Hubbell and Norton also assume
that two other subspecies (N. t. viator and N. t. henroti), whose
behaviors and ecologies are presently unknown, also eat cricket eggs.
When I compare ovipositor lengths of crickets that only co-occur with
nominate tellkampfi populations, their data show means of 12.72 mm
(N = II caves) and 11.64 mridN = 14 caves) for "predated" and
"nonpredated" populations, respectively. Although some of the sample
sizes within caves were small « 5 individuals), this difference is
consistent with a coevolutionary hypothesis.
In conclusion, the data on ovipositor lenghts and beetle hole depths
support a hypothesis of coevolution, but further studies are necessary
on demographic and morphological traits of HadenoecLls in relation to
the presence and absence of beetle predation. These studies are
necessary before any definitive statements on coevolution may be
made.
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Isopoda (Crustacea: Isopoda: Microcharon, laera,
Proasellus) and other fauna in hypogean waters
of southern Cyprus

Boris Sket *

SUMMARY

Springs and wells in SW and S part of Cyprus were briefly surveyed. Chlorinity was
O. I - 0.8 p.p.t. Some isopods were found in collecting galleries of springs and in wells in
calcarenites and in gravel deposits. These were Proasellus coxa/is ssp. with some
depigmented specimens, the probably stygobitic P. c. nanus ssp. n., poorly pigmented
Jaera italica, and Microcharon /uciae n. sp.; they were accompanied by the stygobitic
amphipod Bogidiella cypria, by Turbellaria (Tricladida), by Copepoda (Cyclopoida), and
rarely by some other animals (Pisidiurn sp., Oligochaeta). Only slightly depigmented
Turbellaria Tricladida (d. Dugesia sp.) occur in wells far from surface waters.
Descriptions of new taxa are given.

INTRODUCTION
At the end of November 1988,4 days were spent in field research in
Cyprus. Some regions were surveyed for their possible caving potentials (however, without promising results) and particurlarly for fauna
of their non-marine hypogean waters. The southern slopes of the
Troodos Mountains, the westernmost part of the island between Pafos
and Polis, and a zone between Limassol and Larnaka were visited.'
Since no data about the hypogean fauna of Cyprus have been available,
I thought that there was reason for publication of our scanty results.
There are virtullay no perennial streams in Cyprus and natural
hydrological conditions have changed greatly by the damming up of all
important intermittent brooks, therefore we did not try to search tor
interstitial fauna in gravel banks.
In igneous rocks of the Troodos we surveyed three small springs,
including an artificial sulfurous, artesian well. Samples evidently
contain only epigean fauna.
* Biology Department.
(Yugoslavia).
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There are numerous wells in the country, most of them quite wide;
they have been mostly neglected by paesants and are in bad condition,
as irrigation
has recently been changed to that of surface water from
artificial lakes.
In the region Geroskipou (= Yeroskipos) - Pafos - Lempa wells
have been dug out in calcarenites,
collecting
small quantities
of
hypogean
waters from the interface between calcarenite
and underlying marls. Fauna consisted of Pisidium sp., Oligochaeta, Cyclopoida,
and nearlv normally pigmented Turbellaria Tricladida (? Dugesia sp.).
In the monastery
of Agios Neofytos (NEE of Pafos) there is a
collector
gallery in limestones,
causing enrichment
of the originally
natural spring. The stagnant water in residual pools in the gallery is
highly calcified, thus surface calcitic incrustations
have built a thick
layer of crusts on the bottom. Carcasses of Amblypygi were found on
the bottom. The aquatic fauna consisted of Oligochaeta, Jaera italica,
and small specimens of Bogidiella cvpria G. Karaman.
In Arothes and Kritou Tera (Akamas region) there are perennial
springs
at the contact
of poorlY karstitied
reel limestones
and
underlying
clays. The temperatul"e
01 the spring
water was I JOe.
Proasellus coxalis'was
found outside and in the collecting galleries ul
the springs;
it exhibited
some degree of depigmentation,
and was
accompanied
bv Oli~ochaeta and young leeches Dilla d.lillea/a.
A meagre spring in chalks in Agia Mayri (at Perapedhi, NW of
Limassol)
contained
specimens of the probably stygobitic Proasellus
coxa lis nanus ssp. n.
Some wells in gypsum between Moni and Zygi (ENE of Lemesos)
gave no aquatic fauna.
Several quite deep wells in gravel deposits were surveyed in the
coastal strip at Argaka (NE of Polis), and between Larnaka and Zygi
(SW of L.). Their chlorinities were 0.6 - 0.8 p.p.t. versus 0.1 -0.4 in other
waters. In most of them we found Oligochaeta
and Cyclopoida, but
Turbellaria
Tricladida
(? Dugesia sp.) seemed to qlso occur quite
regularly (Argaka, Thromolaxia
near Larnaka).
A well in shallow gravel deposits at the mouth of a dry valley, ca.
100 m from the seashore in Amathous, was the only locality exhibiting
the doubtlessly
stygobitic fauna, consisting of Microcharon luciae sp. n.,
(?) Proasellus sp. (eyeless; manca), Bogidiella cypria (remarkably
larger
specimens
than in A. Neofytos; d. Karaman,
1989), Copepoda, Ostracoda, Oligochaeta.
Chlorinity was 0.2 p.p.t.
The main karstic spring of the Loutra tis Afrothitis (Aphrodite's
Bath, WNW of Polis) was not suitable lor sampling. and no animals
were lound in small accessory springs; the short brook is inhabited b\
numerous
snails (Theodoxus
(Neritaeaj allatolicus (Recluzj, MelwlOpsis
sp., ct. Pseudall1l1icola sp., ct. po/wllopvrglls
sp.), Oligochaeta, Hirudinea
(Dilla ct. lilleaw)', and Crustacea (}aera i/alica. Ec/zillogall/II/arl/s
sp.).
Chlorinity was 0.3 p.p.t.
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DESCRIPTIONS

Microcharon luciae sp. n.
Material: well in Amathous, E of Limassol - Lemesos, Cyprus;
chlorinity
0.2 p.p.t.; numerous
male and female specimens
(most
without antennae and uropods). Holotypus: a dissected male of 1.3 mm.
Etymology:
sacrificed

dedicated to my wife Lucka (= Lucia), who stoically
most days of the short family vacation for inspection of wells.

Description
Body slender, males 1.2 - 1.4 mm and females 1.3 - 1.5 mm long,
width 10% of the length, pleotelson slightly wider. Pereionite I less than
half as long as broad, its anterior angles anterolaterally
extended and
rounded; pereionites
IV-V shorter than wide, II-III slightly longer and
VI-VII up to 30% longer than wide. The free pleonite not much shorter
than pereionite
1. Pleotelson longer than pereionite VII, longer than
wide, subrectangular,
with slightly
convex margins
and broadly
rounded
angles, with approximately
7 long setae along each lateral
margin and 2 pairs of setae between both uropods.
Antenna I 6-articulate.
Its article 1 nearly cylindrical,
with 1-3
short setae in its laterodistal part. The equally long and wide article 2
also with 1-2 such setae and with a long plumose seta on its mediodistal
protuberance.
Articles 3-5 with successively: a plumose seta, a simple
seta, and a mediodistally
inserted, very long aesthetasc. Article 6 in
males distally has 2 aesthetascs
and a long seta; in females, it bears
only 1 aeshetasc, 3 setae. and a subterminallv
inserted plumose seta.
Antenna II approximately
40% of body length in both sexes; with
articles
1-3 slightly thicker than others. squama variable in length. it
may reach the laterodistal
end of the next article, with 2 setae; last
article of the shaft is by far the longest, in a male remarkably
longer
than in a female. Flagellum with 9 articles in male and with 8 articles
in female. Antennal setae are shorter than flagellar articles in the
female, while some of them are longer in the male.
Mandible's
pars mollaris broadly conical, with 1-2 long apical
spines. Both pars incisiva and lacinia mobilis of the left mandibula
4-dentate;
its lacinia mobilis 4-dentate and followed by 1 strong and
knee-shaped
pectinate spine and by 4 strong setae. Right mandibula
similar,
but without
lacinia mobilis and with at least 2 of its
knee-shaped
to slightly sigmoid spines/setae pectinate, they are getting
progressively
longer and straighter towards the pars mollaris. Palpus
with articles 1-3 in lengths ratio 100: 195: 135; article 2 with 2 subapical
setae on its inner side, article 3 with a short seta in its proximal part
and with a row of 4 long setae in its distal third, its inner side is finely
setose.
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The outer endite of maxilla I 2.5 times as wide as the inner one,
with 10 long and slightly curved spines, some pectinate, along its apical
margin and with up to 2 long submarginal
setae in each the proximal
and apical part of its inner side, and 1 near its outer margin; the inner
endite with 3 apical spines and with up to 2 subapical and 2 outer
submarginal
setae.
All endites of maxilla II approximately
equally long. The inner one
is widest, it bears 7 strong apical and medio-distal
setae, at least 1 of
them is pectinate,
getting progressively
shorter medially, and with up
to 6 shorter and weaker setae along its distal and median margins; the
central and outer endite with 3-4 apical setae each.
The maxilliped's
endite reaches beyond the medio-distal
angle of
the palpus article 2, with a denticulated
distal margin, bearing 3 long
latero-distal
spines and approximately
8 short distal and subdistal
setae; 2 retinacula
present. Palpus with very wide, nearly semicircular
articles 2+3, apical articles narrow; all articles with groups 012-5 setae
in their distal and/or subdistal parts.
Basipodites
(article 1) of anterior pereiopods verv broad, II nearlv
semicircular,
they are narrower in posterior pereiopo'ds. Pereiopod I i~
2 l1!ale's and 1 female approximately
25% of body length, pereiopod VII
in 1 male 30% of it; pereiopod II approximately
equals pereiopod 1 in a
male and pereiopod
VII in a female, respectively.
The lengths ot
articles, measured between articulations
are 100: 75 : 50: 100: 80 to YO
: 50 in the pereiopod I and 100: 75 : 30 : 90 : 75 : 35 in the pereiopods II:
and VII. Dactyli with socles longer than wide, longer than their smaller
claws and shorter than main ones; in pereiopod I with 4 subdistal and I
inner seta, in VII with onlv 3 subdistal setae; other articles with 1-4
spines and/or setae each.
.
Male pleopods I proximally
twice as wide as distally from their
triangular
part, which is 2/5 of the gonopod's length. Distal part only
20% of the gonopod's length wide, without a gap between both halves,
apically
truncated,
with broadly
rounded
lateral angles, medially
longer, thus distal margins directed slightly proximo-laterally;
2 pairs
of long and 1 pair of short medio-subapical
setae, and a pair of warts
with a short seta each immediately
proximally from mentioned setae; 3
pairs of long sub distal setae.
Male pleopod II with a narrow sympodite,
its lateral to distal
borders convex, the medio-distal
corner broadly rounded. Endopodite
narrow, with a long and slightly sigmoid tip, reaching far beyond the
sympodite's
tip.
Female pleopod II ovoid, distally emarginate
and with a pair of
setae.
Pleopod III with exopodite slightly curved inward, with a short
apical
seta, inner protuberances
of the proximal
article not very
distinct.
Endopodite
ellipsoid,
without setae, markedly shorter than
exopodite. Pleopod IV sausage-shaped.
.
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Plate I - Microcharon luciae sp. n., Amathous, Cyprus: 3, 6-7, 14, [6, holotype 0 1.3 mm;
1[-13,0 1.3 mm; 8-[0, 0 [.4 mm; 1-2, 'i' x mm; 4-5, [5, 'i' [.4 mm; 17, 'i' 1.3 mm. 1-2,
apical parts of both mandibles; 3, maxilla II; 4-5, maxilliped and apical part of its endite;
6-8, pereiopods I, II, and VII; 9-10, apical parts of pereiopods I and VII; 11-13, male
pleopod I and its apical part in different levels: 14. male pleopod II: 15. female pleopod II:
16. pleopoti III; 17. uropod. Scales: a (0.2 mm) 15; b (0.2 mm): 4.6-8. 11. 14. 17; c (0.1 mm)
3,5, YolO, 12-13, 16; d (0.05 mm) 1-2.
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Uropods with the parallel-sided
sympodite slightly longer than the
pleotelson
(120 % of its length), bearing 1 lateroproximal,
2 medioproximal, and 3 laterodistal
and distal setae. Endopodite slightly over half
the sympodite's
length, with 4 long setae in its middle and 5 short setae
distally and subdistally.
Exopodite only 20% of the sympodite's
length
and approximately
equal to its width, with 3 distal to subdistal setae.

Remarks
The most important
features of the species are the 6-articulated
antenna I, wide pereiopod basipodites,
narrow male pleopodes I with a
simply rounded apex, longer medially than laterally, male pleopod II
with a rounded sympodite and a long and slightly sigmoid endopodite,
emarginate
female pleopodes II with a pair of apical setae, elongated
uropod
sympodites
and particularly
the small endopodite
of the
pleopod
III. While other characters
occur quite often in different
combinations,
such a small pleopod III endopodite
is much rarer, it is
the most similar in M. halophilus Birstejn & Ljovuskin 1965. As it has
been already
pointed out (e. g. Pesce, 1979), the Microcharon spp.
exhibit very different combinations
of character states, which mostly
do not allow us to search for exact relations within the genus.

Jaera italica Kesselyak

1938

Material: collecting gallery of the spring in Agios Neofytos Monastery, NE of Pafos, W Cyprus; chlorinity 0.1 p.p.t.; 5 males; brook of the
Loutra tis Afrothitis, W of Polis, W Cyprus (epigean locality); chlorinity
0.3 p.p.t.; numerous specimens.
All specimens from the hypogean locality in Agios Neofytos are less
than 2 mm long and narrow,
which characterizes
young males;
although
the primary and secondary
sex characters
may already be
developed.
Thus, their size approximately
equals that lrom surlace
specimens;
the hypogean specimens are partly depigmented,
with only
some narrow transverse stripes 01 dark pigment. This is similar to some
cave populations
in Yugoslavia and probably also in Mallorca (d. Sket,
1986; Gourbault
& Lescher-Moutoue,
1979).
Adult males from Loutra tis Afrothitis differ in some details from
the original description;
the series of spines on the male pereiopod IV is
e. g. shorter
than in type specimens
from Sicilia. Since patterns of
variability
seem to be very different in different parts of the species'
area (d. Veuille & Kocatas, 1979), the establishment
of a new Cypriot
subspecies
would require a previous study of variability
in the whole
species range.
Proasellus coxalis (Dollfus) ssp.
Material: collecting
W Cyprus,

numerous

gallery of the spring in Arothes, Akamas region,
specimens
of all ages; pond at the spring in
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Plate 2 - Proasellus coxa lis nanus ssp. n., Agia Mavri, Cyprus: 1,3-4,8, holotype 03.3 mm;
mm; 2, 5, <;> 3.3 mm; 9, manca 0.9 mm. I, apical parts of male pereiopod I; 2,
dactylus of female pereiopod I; 3-4, male pleopods I-II; 5, female pleopod II; 6-7, pleopods
IV-V; 8 caudal part of the body; 9, pleopod IV. ? Proaselills sp., Amathous. Cyprus: 10.
manca 1.0 mm, pleopod IV. Scales: a (0.5 mm) 8; b (0.5 mm) 5-7; c (0,2 mm) )-4,9-10.
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Arothes (epigean habitat), 5 specimens; collecting gallery of the spring
in Kritou Tera, Akamas Region, W Cyprus, numerous specimens of all
ages.
Specimens
trom springs in the Akamas region show different
degrees
of pigmentation
or depigmentation;
some of them are
completely
colorless with only 2 pigmented ommatidia
in each eye.
Male pleopod I with 1-2 laterodistal setae on the sympodite, exopodite
narrow and long, without a submarginal row of setae along the median
margin, its medioproximal
corner moderately marked. Sympodite of
the male pleopod II with up to 4 medio-distal
setae, exopodite
remarkably
longer than endopodite. Pleopod IV with a small area, linea
areae reaches the distal margin at its middle, linea transversalis
incomplete
or reaching the median border, not confluent with linea
areae. Linea duplex in pleopod V nearly symmetrical,
its both ends
equally away from linea transversalis.
Since the recent subspecific taxonomy in this species is somehow
chaotic (d. Moroli et aI., 1988), a comparison of this Cypriot populations with others is very difficult and unproductive.
Anyway, establishment
of a subspecies would require a redescription
of the type
subspecies as well as an equal treatment of all known populations and
study of individual and geographic variability within already established subspecies.

Proasellus coxa lis nanus ssp. n.
Material: small spring in chalk of Agia Mavri, at Perapedhi,
Cyprus;

chlorinity

0.2 p.p.t.; 8 juveniles

and adults.

Holotypus:

SW
male,

3.3mm.
Etymology: nanus

=

dwarfish

in Latin, for its small size.

Description
Body completely white, 1-2 brown pigmented ommatidia.
Body
small, males up to 3.5 mm long, females probably longer (judging by
remains of a female with marsupium), slightly elongated in comparison
with epigean populations,
largest width equals 20% of body length;
pleotelson
broadly ellipsoid, with very marked, triangular part between both uropods, irregularly spinose along margins.
Antenna I with a 5- to 6-articulated flagellum, 3 distal articles with
single aesthetascs, which are shorter than supporting articles. Antenna
II 80% of body length, with up to 31 flagellar articles in males and 26 in
females.
Pereiopodes I normally built, in males with 3 large palmar spines
and moderate setation along the palmar margin; dactylus with 6 inner
spines which lie down along the article; in females there are only 2
large palmar spines and the only 3 inner spines on dactylus jut out.
Pereiopod IV only slightly modified, strong but not curved, with
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2-3 inner spines on its dactylus. Pereiopod VII slightly over 50% of body
length, not elongated, articles 1-2 approximately
equal in length and
longer than articles 4-5; with 3-4 long spines along the inner edge of
article 5 and with 2 spines on dactylus.
Sympodite of the male pleopod I as long as wide, with 1 retinacular
hook and with 2 short laterodistal setae. Exopodite elongated, twice as
long as wide, with 4-5 pennate setae in the distal part and with 7-9 setae
along the lateral margin.
Sympodite of the male pleopods II slightly longer than wide, with
1-2 setae mediodistally.
Both rami equally long. Endopodite normally
built but comparatively
thick, the large apophyse directed laterally, the
funnel is distal and slightly curved medially. Exopodite with 1 seta on
the proximal article; distal article broadly ovoid, with 4 short and long
pennate setae and 1-2 smooth setae, and with a mediodistal field of fine
setation.
Female pleopod II rounded triangular, twice as long as wide, with 5
pennate setae disto-Iaterally.
Exopodites of pleopodes IV-V comparatively
narrow, nearly twice
as long as wide. Pleopod IV with the area small to medium large. linea
areae reaching the distal margin in its middle or more latero-distally,it
reaches the median margin in its proximal half; emargination
of the
linea transversalis
slightly distal and emargination
of the linea
conjungens slightly proximal to middle of the outer margin. Pleopod V
with very nonsymmetrical
linea duplex, its median emargination
pushed distally.
Uropods
35 - 60% of the pleotelson
length, sympodite
and
exopodite equally long, endopodite slightly longer, all articles moderately setose.

Remarks

The new subspecies is generally built like other races of P. coxalis,
but some peculiarities
allow its separation without a revision of all
related taxa. I attribute it to the species P. coxa lis for its similarly built
pleopodes I-IV and pereiopods. The difference between this subspecies
and the type subspecies can be bridged by a series of others. However, a
comprehensive
revision will be needed to establish
relationships
between
the many related Mediterranean
species and subspecies
clearly.
Peculiar
to P. c. nanus are the small and elongated body in
combination
with a normal development
of spines on I pereiopod
dactyli, equally long rami of male pleopods II, narrow pleopods IV-V,
asymmetrical
linea duplex in pleopod V. In most small hypogean
species and subspecies, derived from P. coxalis, the inner spines on
dactyli of pereiopod I are slender and jut out (d. P. minoicus, Pesce &
Argano,
1980; P. c. aoualensis Dia & Henry, 1984), which is a
pedomorphosis.
In P. c. nanus only the number of these spines is
smaller than in large races or species. The less differeptiated pereiopod
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IV is pedomorphic
here. Similarly proportioned
male pleopods II can
be found in P. c. cyanophilus (Dudich, 1925) but in P. c. nanus this is
obviouslva
consequence of unchanged allometric growth and nanism.
since the exopodite in other taxa gains in length with growing body
length. The proportions are similar in P. c. aoualensis, where both rami
are narrower than in P. c. nanus and the exopodite setation is different.
The population
is certainly not sympatric to (resp. a portion of) the
Arothes population.
Both localities are approximately
45 km apart.
They belong to different drainage areas: Arothes spring drains to the W
while the Agia Mavri region drains to the Episkopi Bay in the S; the
petrographic
diversity and the feeble development
of the subsurface
drainage
in the area (d. Pantazis et a!., 1979; Tullstrom et a!., 1970)
excludes any hypogean connections.

Proasellus ? coxalis ssp.
Material: well in Amathous,
manca

E of Limassol,

S Cyprus, 2 specimens

of

stage.

Description and remarks
Both specimens are completely pigmentless,
eyes not discernible.
The pleopod IV exopodite resembles the P. anophthalmus group: it is
narrow,
only two lineae are visible (linea areae probably not yet
developed), one of them divides the exopodite nearly transversally
in
two subequal parts; another linea begins in the middle of the proximal
part of the outer margin and joins the first linea. Pleopods I-II and V are
not yet characteristically
developed.
However, in P. coxa lis , in the first stages with 7 pereiopods, the
pleopods
IV are already shaped similarly to those in adults. But a
manca of P. c. nanus has pleopods IV built so similarly, that at least the
conspecifity of the Amathous population with P. coxa lis is well possible.

SUMMARY

AND CONCLUSIONS

It is however probable, that more extensive explorations, particularly in the karstified
Kyrenia Range in the north, will yield some
interesting
news. Nevertheless,
the now established poverty of the old
hypogean
fauna would be in accordance with the modest age of the
island (not continuously
existing at least till the middle Miocene, d.
Schmidt,
1956; Dercourt et a!., 1985) and with feeble or even never
existing connections
with the mainland,
except during the Miocene
desiccation of the Mediterranean.
The Microcharon sp. and Bogidiella sp. could be of quite recent
marine provenience.
Proasellus cuxalis evidently exhibits good spreading abilities
by nonaquatic
means - consider
its occurrence
in
Madeira and its recent spread into Central Europe. It need not be
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bound to man as supposed by Herhaus (1977), but can be supported by
more natural means like water fowl (d. Segerstrale,
1954 for Gammarus lacustris; Knorre, 1979 for P. coxa lis on small distances). Similarly
to the situation
in NW Yugoslavia, this species penetrated
hypogean
waters, which resulted in partly depigmented
populations and in one
quite aberrant race P. c. nanus. The asellid specimens from the well in
Amathous are enigmatic, as they could belong to another, stygobitic
and endemic species. Interesting but not unique is the occurrence of
.laera italica in inland hypo~ean waters, since it mostly inhabits coastal
brackish
springs;
both Cypriote
localities
are limnic or slightly
oligohaline
(chlorinity
0.1-0.3 p.p.t.). The quite common and wide
occurr~nce of only slightly depigmented specimens of tricladid turbellarians (? Dugesia sp.) in different types of groundwaters,
tar trom any
surface waters, in chlorinities 01 up to 0.8 p.p.t., is also interesting.
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Two new Niphargus species (Amphipoda) from caves
in Yugoslavia

Gordan Karaman*

and Boris Sket

H

SUMMARY
Niphargus numerus sp. n. from the Cavlinska peCina near Obrovac (Dalmacija) and N.
factor sp. n. from Vjetrenica (Hercegovina) are described. Both new species from
Yugoslav caves belong to the N. transitivus aggregate of species.

INTRODUCTION
During last 140 years, numerous members of the predominantly
subterranean
genus Niphargus Schioedte 1849 have been discovered
and described
in Yugoslavia by foreign and native scientists (d. G.
Karaman,
1974, 1983), totalling at the moment over 110 taxa. Although
many of these taxa deserve a critical reexamination
of their taxonomical value, it is evident that caves and interstitial waters of the country
are extremely rich in species of this diverse gen'us.
In this paper we describe just two of a number of still undescribed
species. Both were found in the comparatively
well studied karstic
regions of Croatia a'nd Hercegovina respectively. It is interesting to note
that the well known and repeatedly investigated cave Vjetrenica in
Popovo polje, the home of a rich fauna, still harbors species undescribed till now.
Both species belong to the N. transitivus aggregate of species (d.
Sket, 1971; Sket & Notenboom, in print), which inhabits interstitial
and cave water of NE Italy, Yugoslavia, and Rumania. It is characterized by a stout body with long coxae but shortened distal parts of
appendages,
with the exception of very long and slender pereiopod
dactyli. In some characters,
including the rostrum development and
shape of basal antennal articles, the group is extremely diverse.
* Biological Institute, P.O. Box 40, YU 81000 Tit0fl.rad, Yugoslavia
Biology Department, Biotechnical Facultv. Askerceva 12, YU 61000 Ljubljana,
Yugoslavia
"*
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Niphargus numerus sp. n. (Figs. 1-4)
Material examined
1 male (holotype),

y

cave Cavlinska peCina near Obrovac, Croatia.

Description
Holotype male, 3.7 mm. Body stout. Head with a short rostrum,
lateral lobes slightly elo~gated, subrounded, slightly exceeding half of
the first peduncular
article of antenna 1. Metasomites I-III with about 4
short posterior marginal setae. Epimeral plates elongated and produced ventroposteriorly,
angular; epimeron II with 1 submarginal
spine
anteriorly.
Urosome low, urosomite I with a strong spine at the uropod
base, I-II on each side with 1-2 spines, urosomite III smooth.
Telson long, exceeding half of uropod III, incised nearly to its base;
each lobe has 4 distal spines and a pair of short plumose setae near the
middle.
Antenna I almost reaching half of body-length, peduncular articles
normal, progressively shorter and thinner, article 1 slightly longer than
2 and 3 together. Flagellum of 7 articles, most with a long aesthetasc
each. Accessory
flagellum
obviously
I-articulated
(second article
indistinct), reaching less than half of first flagellar article.
Antenna II, peduncular article 3 short, articles 4-5 subequal, poorly
setose. Flagellum of 5 articles, shorter than peduncle. Antennal gland
cone exceeding the tip of peduncular article 3.
Labrum entire, subrounded.
Labium with well developed inner
lobes.
Mandibular
molar triturative.
Left mandible with 5-dentate incisor accompanied
by 7 spines (rakers) and by 4-toothed lacinia mobilis.
Right incisor 4-dentate,
accompanied
by a bifurcate and 6 dentate
lacinia mobilis and with 6 spines. Palp's article 2 with 5-6 setae; article
3 nearly as long as article 2, with 8 marginal 0- and 4 long distal
E-setae, on its outer face with I group of 2 A-setae, on inner lace with 2
single B-setae.
.
Maxilla I, inner plate with 2 distal setae. Outer lobe with 7-8 spines
bearing lateral teeth (3-4 spines with 1 tooth, 1-4 spines with 2 teeth,
1-2 spines with 3 teeth). Palp reaching the distolateral corner of outer
lobe, with 3-4 distal setae. Maxilla II, inner lobe without an oblique row
of setae, both lobes with distomarginal
setae only.
Maxilliped,
inner lobe nearly reaching the distolateral
tip of the
first palp article, with 3 distal spines. Outer lobe reaching nearly 2/3 of
second palp article, bearing a row of distomedial spines. Palp article 4
wi th well developed nail.
Coxae I-IV much longer than wide, each with 3-4 distal setae, coxa
IV not lobed. Coxa V remarkably shorter than IV but much wider, its
posterior lobe wider but equally long as the anterior one. Coxa VI much
smaller than V, its posterior lobe much wider and longer than anterior
one. Coxa VII small, semicircular. Coxal gills ovoid.
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Fig. I - Niphargus numerus sp. n., Cavlinska peCina, holotype 0 3.7 mm: 1 - head with
antennae; 2 - accessory flagellum; 3 - labrum; 4 - urosoma with uropods and telson; 5 epimera I-III.
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Fig. 2 - Niphargus numerus sp. n., Cavlinska peCina, holotype 0 3.7 mm: 1-3- gnathopod
I; 4-6 - gnathopod II; 7 - maxilliped.
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Gnathopods I-II of kochianus-type, I slightly smaller than II. Article
6 much smaller than corresponding coxa, with subparallel margins,
slightly longer than wide, with slightly produced distoposterior corner;
palm transverse and bow-shaped, finely crenellated. Article 5 nearly as
long as 6. Dactylus reaching the distoposterior angle of article 6, with 1
seta on its anterior face. Palmar angle I with a short inner spine and
with 2 unequal slender outer spines and one spine-like seta, accompanied by 2 facial setae. Palmar angle II similarly armed, but with only 1
facial seta.
Pereiopods III-IV subequal, article 6 longer than 5; dactyl only
slightly shorter than article 6, without inner spine or seta, nail longer
than socle.
Pereiopods V-VII short and stout, VII slightly shorter than
preceding ones (ratio V:VI:VII = 104: 108: 100). Article 2 large, ovoid
and lobed, bearing about 7 posterior marginal setae and 7-10 anterior
marginal spines; anterior margin arched, in pereiopod V distally'
produced in a lobe. Articles 3-6 progressively longer. Dactyl slender and
long. but slightly shorter than article 6, with 1-2very small inner setae.
nail nearly as long as the socle.
.
Pleopods with 2 retinacula each. Peduncle of pleopod 1Il distoposteriorly with a subdistal seta and a long, distal spine.
Uropods I-II short and stout, inner ramus longer than outer, with
short lateral and distal spines; outer ramus with short distal spines
only. Uropod III short; peduncle with 2 very strong distal spines;
exopodite short, artlculation between its articles indistinct; endopodite
scale-like.
Distribution and ecology
•
Only) specimen of the new species was found in the cave Cavlinska
pecina lJear Obrovac (J;:NE 01 Zadar). in the right edges 01 Zrmanja
valley. Cavlinska peCina is a periodical outlet cave conducting waters
from Licko polje. Beside this specimen, only a specimen of Niphargus
kolombatovici S. Karaman and some empty gastropod shells were
found in pools of residual water along the long cave corridor. One can
not exclude the possibility, that N. numerus inhabits also caves or even
interstitial waters of Licko polje.
Taxonomical position
N. numerus is most closely related to N. brevirostris Sket. Only 2
specimens of the latter were found in interstitial waters of the Gacko
polje, which is situated NW of the above mentioned Licko polje. Both
species agree in many characters, including a number of apomorphies:
development of an anterodistal lobe on the basipodite of pereiopod V,
very short flagellum of antenna I, anterior coxae more than twice as
long as wide, and a distinctly developed rostrum. Autapomorphies of N.
numerus are the uniarticulate accessory flagellum of antenna I, more
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,
Fig. 3 - Niphargus numerus sp. n., Cavlinska peCina, holotype 0 3.7 mm: 1-2- pereiopod
V; 3-4 - pereiopod VI; 5-6 - pereiopod VII.

I
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"
Fig. 4 - Niphargus numerus sp. n., Cavlinska
pecina, holotype <33.7 mm: 1-2- pereiopods
III-IV; 3 - mandibula; 4 - labium; 5 - pleopod III; 6 - uropod III; 7 - telson; 8-9 - left and
right maxilla I.
.
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shortened
developed
character

articles 4-6 of posterior pereiopods, particularly
weakly
inner seta on pereiods dactyli. An important differentiating
state may also be 2 outer setae on gnathopod dactyli in N.
brevirostris. However, it is easily possible that both taxa are in fact only
subspecifically
differentiated,
particularly as their possible variability
is completely unknown.

Niphargus

factor sp. n. (Fig. 5-9)

Material examined
5 specimens
(incl. holotype), cave Vjetrenica (lakelet above the
corridor
Donja Vjetrenica),
Zavala in Popovo polje, Hercegovina,
September
1975.
? 2 juvenile specimens (their inclusion in the species is uncertain)
cave Baba, StrujiCi in Popovo polje, Hercegovina, September 1975.

Description
Holotype female, with oostegites. 3 mm. 'Body stout. Head dorsally
remarkably
arched in lateral projection.
Rostrum well developed,
lateral
lobes slightly
produced,
rounded-triangular.
Mesosomites
smooth;
metasomites
with 2 setae each on their dorsoposterior
margins. Urosomite I with a spine at the uropod basis and with 1 dorsal
spine, urosomite II with 2 dorsal spines on each side, urosomite III
smooth.
Epimeral plates produced, with acute ventroposterior
angles and
straight posterior margins. Epimeron II with 1 and epimeron III with 2
long, submarginal
spines in their anteroventral parts.
Telson very long, twice as long as sympodite of uropod III, much
longer than wide and deeply incised. Lobes narrow, each with 3 slender
distal spines and 0-1 marginal seta; a pair of (unequally) long plumose
setae appears in distal part of each lobe.
Antenna I only slightly exceeding half of the body length. Peduncle
stout, articles 1-3 progressively shorter and thinner, all poorly setose.
Flagellum with 11 articles bearing 1 aesthetasc each, they are nearly as
long as articles. Accessory flagellum shorter than peduncular article 3,
but as long as or longer than flagellar article 1; it is 1-2 articulated
(article 2 distinctly or indistinctly separated).
Antenna II, peduncular article 3 short, articles 4-5 subequal,poorly
setose. Flagellum
stout, of 4 articles, slightly shorter than last
peduncular article. Antennal gland cone short.
Labrum distally rounded, labium with well developed inner lobes.
Left mandible with 4-dentate lacinia mobilis and 5-dentate incisor,
accompanied
by 8 spines. Right mandible with 4-dentate incisor,
lacinia mobilis divided in 2 unequal lobes, pluridentate and accompanied by 6 spines. Palpus moderately
developed, article 2 with 9
marginal and 2 inner facial setae; article 3 slightlty shorter than 2. with
3 single B-setae, one group of 3 A-setae, about II 0- and 5 long. distal
E-setae.
.
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Fig. 5 - Niphargus factor sp. n., Vjetrenica, holotype
gnathopod 11.0 3 mm; 7-8 - gnathopods I-II.

'i'

3 mm: 1-3 - gnathopod I; 4-6 -
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Fig. 6 - Niphargus factor sp. n., Vjetrenica. holotype 9 3 mm: 1-2 - pereiopod V; 3-4 pereiopod VI; 5-6 - pereiopod VII; 7 - pleopod III; 8 - head. <53 mm: 9 - pereiopod VII.
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Maxilla I, inner lobe with 1-2apical setae. Outer lobe with 7 spines;
innermost spine always with 4 lateral teeth, others un identate or 2 of
them bidentate. Palpus reaching beyond the base of spines, with 6
distal setae. Maxilla II with both lobes only marginally setose.
Maxilliped, inner lobe short, with 3 short distal spines; outer lobe
reaching nearly the middle of palp article 2, at its inner and distal
margins with a row of smooth spines. Palp article 4 with nail shorter
than socle, with 3 setae in the ventrodistal part of the socle.
Coxae I-IV much longer than wide, with semicircular apical
margins bearing 4-6 long setae, IV without a lobe. Coxae V-VI with
small anterior and very large posterior lobe; coxa VII shallow, entire.
Coxal gills on pereionites II-VI, ovoid, with narrow peduncles. Oostegites wide, with marginal setae.
Gnathopods I-II relatively small. Articles 3-4 with a group of setae
each on their posterior margins. Article 6 longer than wide, slightly
widened towards distal part; palma arched and slightly oblique, finely
crenellated. Palmar angle on outer face with 3 facial setae and 1strong
corner spine, accompanied posteriorly by 3 slender bicuspidate spines;
a short sub corner spine on the inner face. Dactylus hardly reaching
posterior margin of article 6, with 2 setae along its outer face. In
gnathopod I, article 5 is slightly shorter than 6, in gnathopod II, they
are nearly equally long; all parts of gnathopod II are slightly larger.
Pereiopods III-IV slender; dactylus long, only slightly shorter than
article 6, with nail as long as socle; with a poorly visible inner seta.
Pereiopods V-VII relatively short, only slightly progressively
longer, in ratio 100:103:105 (all articles measured). Article 2 in
pereiopod V narrowly ovate, VI-VII progressively wider and with
stronger distoposterior lobe; only 6-7 posterior marginal setae. Articles
4-6 slender and progressively longer. Dactyli slender, slightly longer
than half of article 6, nail shorter than socle; with a small inner seta
and a plumose proximal outer seta.
Pleopods with short and stout peduncles bearing 2 retinacula each.
Posterior face of peduncle III with 2 setae.
Uropod I, peduncle dorsoexternally with 1 facial and 2 strong
distal spines; dorsointernal row represented only by 1 distal spine.
Inner ramus distinctly longer than outer one, each of them with 1
lateral and some short distal spines. Uropod II smaller, but similarly
bui! t and armed as I.
Uropod III very short and stout. Peduncle only slightly longer than
wide. Endopodite scale-like, with 1 distal seta. Exopodite cone-shaped;
proximal article with 2-3 groups of 1-2 spines along its outer margin,
and with a group of 2 spines and l plumose seta on its inner margin;
distal article short with distal setae only.
Variability
Male, 3 mm long, is very similar to female regarding antennae,
coxae, gnathopods, other pereiopods, uropods, and telson. Gnathopod

62

G. KARAMAN

10

et al.

5

~

Fig. 7 - Niphargus {actor sp. n., Vjetrenica, holotype '" mm: 1-2 - antenna I; 3 - antenna.
II; 4 - telson; 5 - labium; 6-7 - uropod III; 8 - epimera I-III. 0 3 mm: 9 - uropod III; 10 accessory flagellum.
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Fig. 8 _ Niphargus factor sp. n., Vjetrenica, holotype '? 3mm: 1 - coxa III; 2-3 - pereiopod
IV; 4 -urosoma with uropods I-II; 5 - maxiIliped. 03 mm: 6-7 - pereiopod Ill; 8 - coxa IV.
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II, palmar spine accompanied by only 2 bicuspidate spines. Urosom'ites
I-II with single dorsolateral spines. Antennal t1agellum I with 9 articles.
accessory t1agellum uniarticulated.
Flagellum II of:; articles. Epimera
II-III with I submarginal
spine each.
In all specimens,
accessory Oagellum may be eIther 1- or 2articulated.
with distal article always very small. Peduncle of pleopod
III with 1-2 posterior setae. Urosomite II with 1-2 dorsoposterior spines
on each side. Tip 01 the uropod III endopodite obtuse or nearly pointed.
Smaller
specimens
of ca. 2 mm often with only I outer seta on
gnathopod dactyli.
The specimens from the cave Baba are only ca. 2 mm long; they
mostly agree with the above description
but their pereiopod dactyli
III-VII are shorter;
antennal
accessory flagellum
is 2-articulated.
Richer material is needed to identify this population with certainty.

Distribution

and ecologY

Both localities of the new species are caves situated in the karstic
borders of Popovo polje in Hercegovina. It is one of the speleobiologically richest regions in Yugoslavia and in the world.
In September
1975, 10 specimens collected in the main corridor of
the cave Vjetrenica at Zavala, in a lakelet fed by percolation water, at
the entrance to the corridor called Donja Vjetrenica (Lower Vjetrenica).
In this lakelet with clay and stone at the bottom, enriched with some
rotten wood, N. factor was accompanied
by a very rich population of
H adzia fragilis fragilis S. Karaman as well as by single specimens of N.
kolombatovici S. Karaman, Microcharon sp., Acanthocyclops venustus
(Norm. & Scott), and Oligochaeta. Single specimens were found at the
beginning of the Absolon Channel, accompanied by single specimens of
other crustaceans
and by a very rich population of the gastropod Iglica
absoloni (A.J. Wagner) and some sparser Orientalina troglobia (Bole).
The temperature
of the above mentioned waters was 11-12° C.
In the periodical
outlet cave Baba pecina near Strujici, two
specimens of probably the same species were found in residual pools
with temperatures
of 12-13°C. They were accompanied
by a \'ery
di\'erse but quantitatively
poor crustacean fauna (8 additional species)
and some Gastropoda and Nematoda.

Taxonomical position
N. factor is most closely related to N. asper G. Karaman

from a well
near Titograd. They share all of their probable synapomorphies
also
with the above mentioned two taxa, which are however much more
apomorph;
therefore the similarity may also originate in convergent
evolution.
These two taxa also exhibit an anterolobate
basipodite of
pereiopod
V, very long anterior coxae, a reduced number of spine
groups along the uropod III. N. factor exhibits more autapomorphies
than its counterpart;
its coxa IV is completely non-lobate (it is slightly
dilated in its distal part in N. asper), its posterior pereiopod dactyli are
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Fig. 9 - Niphargus factor sp. n., Vjetrenica, holotype 'i' 3 mm: I . right maxilla I; 2. left
maxilla I; 3 .inner lobe of maxilla I of another specimen); 4.5 . pars incisiva of left and
right mandibula; 6. pal pus mandibularis. 'i' 2.1 mm: 7. pereiopod IV; 8. pleopod III; 9.
pal pus mandibularis.

66

G. KARAMAN

et al.

longer and slender, they are armed only with inner seta (spine in N.
asper), rostrum
is developed,
article 3 of palpus mandibularis
is
shortened.
Plesiomorphic
or indefinable differentiating
character states of the new species are the more oblique gnathopod
palma,
basipodites
of posterior pereiopods are narrower and with less convex
anterior margins, the lateral cephalic lobes are less produced.
CONCLUSIONS
With the both new taxa, Niphargus numerus sp. n. and N. factor sp.
n., the number of taxa in the N. transitivus aggregate reaches 12. Six of
them inhabit hypogean waters of the Dinarid Region while others are
distributed
in plains north of it, from NE Italy to central Roumania. It
is interesting
to note that populations
of some of the interstitial
non-karstic
taxa tend to be denser in dug out wells (d. Sket et Velkovrh,
1981). Similarly,
the Dinaric species occur in caves as well as in
interstitial
waters of karst poljes. Since N. numerus and N. brevirostris
have till now been found in only a few specimens, it is difficult to make
inferences
about their preferred
habitat.
It seems likely that this
aberrant
members of the genus, are - probably owing to their special
ethology (vertical posture) - ecologically successful in a number of
different hypogean habitats.
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Troglobius coprophagus, a new genus and species
of cave Collembola from Madagascar, with notes
on its ecology

Jose G. Palacios-Vargas * and Jane wilson

7d

SUMMARY
Troglobius coprophagus n. g., n. sp. a cave Collembola from Madagascar is
characterized by an elongate and serrate mucro, a non spines dens. Description and
illustrations of the new genus and species are given. Some ecological data of this highly
cave adapted species is also included.

Much excellent work has been published on the Symphypleona
of
Madagascar
(Betsch, 1980) but the Arthropleona
Collembola, which
make up most of the order and are most often found in caves, have
received little attention.
Indeed, only about eight species have been
recorded from Madagascar (Borner, 1907; 1913; Denis, 1925 alld 1929;
Delamare-Deboutteville,
1948).
Ankarana
is a small limestone massif in the extreme north of
Madagascar,
about 70 km south of Antsiranana (Diego-Suarez). The 98
km of surveyed
passages within it represent
the largest and most
extensive
cave systems in Madagascar
and probably.in
the whole
tropical Africa. These numerous caves provide many diverse subterranean habitats
tor cave adapted animals. Some passages, dried to a
humidity
of only 50% by through draughts, contain 10 m high guano
beds dominated
by Periplaneta americana while others are filled with
clean silt and the humidity approaches 100%.
In 1981 members of a Southampton
University Expediton (Wilson,
1985; Wilson, 1987a), carried out the first study of the ecology of a
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Malagasy cave and at this time" collected two' new Troglopedetine
.cave-adapted
Collembola. Further field work was carried out in 1986 by
members
of the Crocodile Caves of Ankarana Expedition
(Wilson,
1987b). One Collembola
species, Troglopedetes madagascarensis has
been described elsewhere (Wilson, 1982). The other did not fit into anv
known genus and is described here.
The richest site for collecting both Troglopedetes madagascare/lsis
rCyphoderopsis madagascarensis, after Thibaud & Najt, 1988), and the
new genus and species, was in the dark zone of the 11 km cave known as
La Grotte d'Andrafiabe. About one kilometre into this cave is a roost of
several hundred leaf-nosed bats Hipposideros commersoni and beneath
this roost there is an abundance
of organic material (guano and
carcasses)
which anables fungi to grow. This provides food for the
Collembola
and other detritivores.
Sympatric
invertebrates
on these
guano'beds
included other'Collembola:
Isotomiella minor and a species
close to Xenylla yucatana Mills, 1938; also woodlice: Synarmadillo
madagascariensis, and undescribed troglobitic millepedes. These detritivores fall prey to mites, ants (Pheidole megacephala), and pigmented
.centipedes (Cormocephalus lambertoni).
At this particular
site in the cave, the temperature
is constant at
about 25° C and the humidity is almost 100%. The two Collembola are
active, white, glistening, insects which are able to jump 5 cm with ease.
They were observed grazing on fungi, specially that growing on bat
carcasses. Collembola cease moulting when starved, so the finding of
abudant
exuvae at this site indicates that they are gaining adecuate
nutrition from this source.
Living examples of both species were kept at ambient temperatures and 100% humidity by putting them in small containers lined with
damp plaster of Paris mixed with charcoal. These where kept cool in
. the shade of the cave entrance, but both C. madagascarensis and the
new Troglobius coprophagus died within 24 hours of being brought out
to the entrance zone implying they are very temperature sensitive.
The two Collembola
were found, in lesser numbers, in other
locations
within caves of the Ankarana limestone massif were the
humidy was around 100% and fungus was growing.

Troglobius n. gen.
Diagnosis
The
because:
elongate,

new genus can be differentiated
from other Paronelids
in the labial chaetotaxy there is not setae "r"; the mucro is
with many serrations, and the dens lacks rows of spines.

Type species
Troglobius
Ankarana,

coprophagus,

AntsiraQgna,

n.g., n. sp. from
North Madagascar.

Grotte

d'Andrafiabe,
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Discussion
All the known species of Troglopedetes, s.l. (C{ Palacios-Vargas,
Ojeda & Christiansen,
1985; Wilson, 1982), have one or two rows of
dorsal spines on the dens, the new genus Troglobius lacks such spines,
and only has setae and scales. Old Word species of Troglopedetes, have
antenna I segment IV subdivided (recently Thibaud & Najt, 1988 have
confined the Troglopedetes to the species with Ant. IV subdivided). The
new genus also has a sub-divided fourth antenna I segment. Labial
chaetotaxy
is more similar to some Pseudosinella than to the paronellids or cyphoderids.
Perhaps this genus deserves the creation of a new tribe between the
Cyphoderidae
and Paronellidae, but a revision of the group is necessary
first.

Troglobius coprophagus n. sp. (Figs. I-II)
Description
Habitus of Cyphoderidae
(Entomobryoidea)
(Fig. I). Length 1.4
mm (0.9-1.4 mm). Blind without pigment. Body with smooth or ciliated
setae, scales and some trichobothria.
Antennae with sensillae of
different size and shape.
Ratio of antenna to head = 1.7: 1.0 and antenna to body length =
I :2.3 Antenna without scales. Ratio of antenna I segments I-IV as =
I: 1.2; 5.6; 13.3 (i.e. 5%; 6%; 27%; 63%). Ant. II with some sensilla
differentiated
(Fig. 2), as in Troglopedetes. Sensory organ of Ant. III,
with two different microsensilla
(Fig. 3). Ant. IV unsegmented,
with
rows of setae and sensilla, without apical bulb.
.
Head without any trace of eyes or pigment, with two pairs of .
trichobothria.
Labrum with 4 rows of smooth setae (Fig. 6); all the setae
are smooth.
Labral formula is: 4:5/5/4. Labial triangle with four
smooth setae on row A.In posterior row, there is no seta "r". Posterior
setae smooth can be named: M I, M2, E, L I and L2 (Fig. 4).
Distribution
of body trichobothria
is two on the second segment
and three on the third and fourth abdominal segments (Fig. I). Head,
thorax, abdomen,
and furcula with scales. Legs with ciliated setae.
Coxa of leg with one large seta. Trochanteral
organ with at most 17
setae (Fig. 9). Tenent hairs are shorter than ventral unguis and
acuminate
(Fig. 7); unguis with two inner basal winged teeth of
different size; no median inner teeth and with a very small outer tooth.
Unguiculus
with outer lamella very developed and the inner small
(Figs. 7 and 8).
Posterior part of ventral tube with several long setae and 4 distal
pairs ot small setae; anterior part with only two pairs of very large
setae (Fig. 5). Tenaculum with 4 + 4 teeth and only one ciliated setae on
the corpus (Fig. 10). Furcula composed ot manubrium, dens and mucro
in the ratio 5.7; 3.4; 1.0 (i.e. 56%; 34%; 10%). Dens without spines, but
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. . 2 , sensorial orga n of Ant. II;
sp. 1, tube.
habItus,
0~ rophagus
n. gen5,. nv~ntral
. sense1-5organ
- TrogloblUs
Figs.
of Ant. .III; C4,
a bial triangle;
3,

NEW

CAVE

COLLEMBOLA

FROM

MADAGASCAR

71

Figs. 6-11 - Troglobius coprophagus n. gen. n. sp. 6, labrum; 7, tibiotarsus and claw of
leg I; 8, unguis and unguiculus of leg I; 9, trochanteral organ; 10, tenaculum; II, distal
part of dens and mucro.
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with ciliated setae and scales. Mucro is elongated
teeth, and numerous serrations, from 8 to 24.

and bears tour large

Discussion
,!~oglobius coprophagus lacks eyes and pigment,

and has a highly
foot complex. Like some cave species of Troglopedetes, and
Pseudosmella has ungues without inner median teeth, and a relative
short and .acuminate
tenent hair. Consideration
of these features,
combined with the difficulties of maintaining them outside of the cave
environment,
leads us to assume that Troglobius coprophagus is a
troglomorphic
species, highly adapted to life in caves.
modlfJe~

Type material
The holotype and 8 para types are held the senior author, 19
para types are deposited
at the British Museum (Natural History)
London (Brit. Mus. 1982-160) and 12 have been deposited in the
Malagasy
"National
Collection,
Pare Tsimbazaza,
Antananarivo,
Madagascar.

Type locality
La Grotte d'Andrafiabe cave system, about 4 km from Andrafiabe
village,
Ankarana
Massif; 70 km south of Antsiranana,
North
Madagascar~
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